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ABSTRACT 


This study was initiated to investigate the 
occurrence and extent of over-winter changes in the level of 
Soil and fertilizer mineral N in irrigated and dryland-soils 
of the Brown, Dark Brown and Black soil zones of southern 
Alberta. Over winter sampling of soils at four plot sites in 
the first year of the study revealed changes in the levels of 
NH4-N and NO3-N in an irrigated stubble plot, dryland 
stubble and fallow plots, and an irrigated stubble plot with 
varying levels of residual fertilizer N. Levels of mineral N 
decreased from January to May, and the extent of these 
reductions was related soil moisture over winter, and level 
of mineral N in January. 

Comparisons of fall with spring fertilizer 
treatments in the second year of the study, including 
variables of N-source, placement methods, the use of a 
nitrification inhibitor and soil moisture in fall were made 
at six plot sites to include irrigated and dryland plots in 
the three soil zones. In terms of barley yield, N uptake by 
the crop, and recovery of mineral N from fall applied 
treatments, there was no evidence of over-winter losses of 
fall-applied N, or that fall applied N resulted in lower 
yields than spring applied N. 

15y-labelled NH,4-N and NO3-N were added to 
six soil samples, representing the topsoil and "subsoil" of 
two southern Alberta soils and one central Alberta soil. The 


soils were incubated for 90 days at both -] and +4°C, and at 
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field capacity moisture content. Recovery of applied NO3-N 
was complete by KCl extraction, but not by the modified 
Kjeldahl procedure to include NO» and NO3-N. Recovery 

of added NO3-N was complete regardless of soil or 

incubation temperature, indicating that, as might be 
expected, that no denitrification occurred, and that no 
immobilizatwom occurred. “Nitriiication occurred, at —1°C, 
but more extensively at +4°C. The extent of nitrification of 
added N was influenced by soil, depth and incubation 


temperature. 
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1. INTRODUCTION 


Fall applicacion of nitrogen (CN) fered livers for 
the production of spring-sown crops has become an 
increasingly popular practice in the Prairie Provinces during 
the past decade. This practice benefits the fertilizer 
industry as it permits more efficient use of production, 
marketing, and distribution facilities. Advantages to the 
farmer include lower prices and a greater certainty of supply 
Ope LeLrci li zersein) fall Chan 1nespring. Soil conditions 
availability of time, equipment, and labor often favor 
fall-application. 

Prior to work done in the 1970's in the Prairie 
Provinces, it was generally accepted that N fertilizers were 
as effective when applied in fall as in spring. Since then 
however, some studies conducted in Alberta, Saskatchewan and 
Manitoba have shown that fall-applied N often produces lower 
yields than spring-applied N. 

The ammonium ion (NH,gt) is strongly held by the 
cation exchange complex of clay and organic matter. It is 
therefore not readily subject to loss by leaching. Unlike 
NHyt+, the nitrate ion (NO37) is subject to loss through 
leaching, runoff, and biological and chemical 
denitrification. Nitrogen loss by denitrification can 
therefore only occur after nitrification. 

Most prairie crops absorb the major portion of 


their N requirement as nitrate-nitrogen (NO3-N). When 
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conditions in fall, winter and early spring allow microbial 
growth, substantial nitrification can occur. This results in 
formation and accumulation of NO3-N, if ammonium-nitrogen 
(NHy-N) is available. Variable amounts of denitrification 
cam occur*between the time of application, and the time of 
crop demand in spring and summer, resulting in N losses and 
reduced scropsoyields due to fall rather than’ spring 
application. Successes have been achieved in attempts to 
Slow the rate of nitrification by band-placement and by the 
use of chemical nitrification inhibitors. In some areas 
where losses were shown to occur however, these management 
practices did not prove to be as effective as spring 
application of N fertilizers. 

Changes in fertilizer manufacturing technology and 
a recent general awareness of the potential N losses 
resulting from fall application have led to an increased 
production and use of ammoniacal fertilizers, especially 
urea and anhydrous ammonia. Since the practice of fall 
application continues to increase, further research is needed 
to investigate the potential for losses over winter and the 
relative effectiveness of techniques to minimize these 
losses. 

To the knowledge of the author, few comparisons of 
fali to spring application of nitrogenous fertilizers on the 
Brown, Dark Brown and Black soil zones of southern Alberta 
have been published. Therefore, the present study was 


initiated with the following objectives: 
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1. To determine if over-winter losses of fertilizer 
nitrogen occur. 

2. To determine if fall-applied N fertilizers 
result in lower N uptake and yields than spring-applied N 
fertilizers. 

3. To compare the performance of various N 
fertilizers on soils of the Brown, Dark Brown and Black soil 
zones of southern Alberta. 

4. To compare nitrogen distribution and over-winter 
transformations in dryland soils to those which have been 
irrigated for a number of years. 

See loescudy. ther fate yor gral l—appl ted sNO o SN under 
conditions of varying soil moisture. 

6. To observe N transformations under simulated 
winter and early spring conditions by using N-15 labelled 


NHg @nd NO3-N in laboratory incubated soils. 
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2. LITERATURE REVIEW 


Inorganic N normally comprises a small portion of 
the total N in Ap horizons of mineral soils, yet uptake by 
plants and losses of N from the soil occur from the inorganic 
fraction. Organic soil N cannot be overlooked in any 
investigation of N fertility, but since the objective of the 
present study was to explore losses of N, this review will 
consider processes and conditions that affect N 
transformations. Management practices which are pertinent to 
the problems will also be discussed. 

2.1 Mineralization 

The decomposition of soil organic materials and 
subsequent release of NH,j-N is’ ‘Carried out ‘primarily by 
heterotrophic soil microflora. The rate of mineralization 
can therefore be correlated with soil environmental factors 
affecting microbial growth. These include supply and nature 
of organic substrate, temperature, moisture, reaction and 
aeration status. Numerous articles in the literature on 
these aspects have been reviewed by Alexander (1961) and 
Clark (1967). This review will concentrate mainly on some of 
the more recent results reported in the literature. 

The priming effect, or the stimulating effect of 
the addition of N fertilizers on the mineralization of soil 
organic matter has been reviewed by Broadbent (1965). 

Several possible reasons for this effect have been suggested. 
When roots of growing plants stimulated by N fertilizers are 


present, activity of the rhyzosphere population will increase 
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in relation to available N. Mineralization of soil organic N 
CouldsoOccUr Proportionally. to thas increased activity. 
Another explanation of the enhancement of soil N uptake 
following addition of fertilizer N proposes that root growth 
stimulated by fertilizer N increases the volume of soil 
utilized by the plant, thereby increasing uptake of soil N. 
These explanations fail however, to explain larger increases 
in the rate of soil N uptake brought about by the addition of 
NHy-N rather than NO3-N, and also the fact that 
mineralization has been shown to be stimulated under fallow 
conditions in the absence of growing plants. Broadbent 
(1965) suggested that osmotic effects of various fertilizer 
salts may have an effect on cell breakdown, resulting in 
increased mineralization of soil N. Parnas (1976) explained 
the priming effect as breakdown of soil organic matter 
enhanced by an increase in the average growth rate of 
NWecerocropnie pbacterva. he™additi1on of erther carbon’ (Cy) or 
N when the ratio of these two substrates limits bacterial 
growth potential can increase or decrease organic matter 
breakdown. This change is dependent on whether the C:N ratio 
is moved closer to or away from the optimum for maximum 
bacterial growth. 

The idea that certain chemical reactions are 
involved in splitting NH,-N from organic and inorganic 
conplexes Gevsupported by Agarwal jet jal..(1971).. The NHat 
ions are subsequently exchanged with cations in the 


surrounding soil solution. Although sulphate salts at low 
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concentrations increased CO5 €volution from incubated soil, 
ehloride. salts were better ,at Increasing the, rate.of NH,—N 
release. The different effects of anions is supported by 
results which showed different effects of two salts 
containing the same cation, but different anions. Broadbent 
and Nakashima (1971) used N-15 labelled NH,C1l and 

(NH4)550, to study to their effect on mineralization 

rate, and also reported anionic effects. They also found 
that NH, Salts icreased the rate of NH,-N release more 
than any other cation. They concluded that osmotic effects 
and the nature of both the soil and the fertilizer salt 
influence the rate of increase in mineralization. 

Laura (1976) studied the effect of alkali salts 
and fresh organic residues on mineralization and CO, 
evolution. Although nitrification was stopped completely 
between exchangeable sodium percentage 70 and 92, 
mineralization increased dramatically. This increase may 
have been due in part to chemical decomposition rather than 
Ditolog recall, 

Pee NILE Leicar Lon 

The two-step oxidation of NH,t to NO3_ is 
carried out by a much smaller segment of the total soil 
population than mineralization. Nitrosomonas and 
Nitrobacter, which are largely responsible for nitrification, 
are strictly aerobic chemoautotrophs. The nitrifying 
bacteria, performing more specific functions in the cycling 
of soil nitrogen than the mineralizing population, also have 
more specific environmental requirements for growth and 


activity. Factors affecting their growth include aeration 
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Status, temperature, pH, moisture and substrate supply. The 
literature reveals an abundance of works on this topic, and 
has been reviewed by Alexander (1965) and Campbell and Lees 
(1967). This review will consider some aspects of 
nitrification which have been recently reported and are more 
specifically applicable to the present study. 

McLaren (1971) described the rate of nitrification 
aS Proportional tothe growth of nitrifiers if the “population 
is small in relation to its potential size, and if 
concentration of substrate is large enough to permit maximum 
specific growth rates. 

The optimum temperature for nitrification has been 
the subject of many experiments. It has been reported as 
30°to 32°C (Fisher and Parks 1958; Anderson and Boswell 1964) 
and as 25° to 27°C (Waksman and Madhok 1937; Justice and 
Smith 1962; Thiagalingam and Kanehiro 1973; Kowalenko and 
Cameron 1976). Some workers concluded that variations in 
temperature optima over which nitrification occurs is due to 
the initial population of nitrifiers (Anderson and Purvis 
1955; Frederick 1957; Sabey et al. 1959; and Pang et al. 
1975a)." Nitrification occurs ateaviaster rate’ under 
moderately fluctuating temperature conditions, than at a 
constant mean (Campbell and Biederbeck 1972; Myers 1975). ige 
has also been reported to occur at lower temperatures than 
previously thought. Nitrification at significant rates has 
been observed at temperatures approaching 0°C (Frederick 


1956; Anderson 1960; Justice and Smith 1962; and Anderson and 
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and Boswell 1964; Malhi, 1978). 

The variable results suggest optimum temperature 
for nitrification could be) due.in part to acclimatizatim of 
the nitrifying population. Myers (1975) found the optimum 
Eenperature, forinitrificatiaon! inna, tropical sodleto ibe 35°C. 
Mahendrappa et al. (1966) report that northem soils 
hetratredgtaster at 20°rtos25e@ than)didtsoutherm:.soiis), 
WhdCchioitratied faster’ ate 30° to 35°C.F Nitrite, accumulation 
also differed in the same manner. Soils from a warmer 
climate accumulated nitrite at a lower temperature, while the 
norther soils did not, and vice-versa. With the use of 
Sterile synthetic soils, Anderson et al.(1971) found that 
moculated macroftlora drom-diiferent: soilsenatrified,y at 
different rates. Inoculum from soils which were commonly 
frozen and thawed during winter resulted in more rapid 
nitrification at lower temperatures than inoculum from soils 
of warmer areas. 

The effect of soil moisture on nitrification has 
also been reported by many workers. The nitrifying 
population responds readily to alterations in the soil 
moisture status. Early workers suggested the optimum soil 
moisture range of 50-60% of soil moisture holding capacity 
(Greaves and Carter 1920; Panganiban 1925; Russel et al. 
1925). Justice and Smith (1962) and Miller and Johnson 
(1964) reported maximum rates of nitrification at soil 
moisture tensions of 0.3 bar and 0.5 bar, respectively. 


Although nitrification declines rapidly above optimum 
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moisture levels, significant rates have been observed at 0 
bar moisture tension (Dubey 1968). 

tTheedeclinevinetherrate of nitrification -as®soil 
moisture decreases from the optimum level is more gradual. 
For example, a loamy sand at 15 bar moisture tension 
nitrified 73% of 100 ug N/g added as NHy-N within two weeks 
under incubation at~25°C (Dubey 1968). Justice and Smith 
(1962) observedwni Crificabionmote33% obelS00ug/q of NH,—N 
inva soil at permanent “wilting point *incubated ‘at 25°C “for 
four weeks. Nitrification takes place in the film of water 
held at the surface of soil colloids (Lees and Quastel 1946; 
Meakitejohn., 1953 ).ertt cis SconceivablesthatrsmalLl films of 
water held against a tension of even more than 15 bar could 
DProyirde Microsites Sforimitrification toroccur®(Cook 1977)1, 


2.3 e0DenTerrebicat von 


The term denitrification refers to the reduction of 


nitrite-nitrogen (NO j-N), and NO3-N to gaseous compounds 
Such as nitrichoxridei(no),0n i trous “oxide (NO>) and 
molecular N (No), resulting in the loss of the nutrient 
fromuthe sorls In the present study, denitrification will 
refer to the biological reduction. Chemical reduction 
resulting tim loss tcan “also occur, sand “is referred Gstonas 
chemo-denitrification. 
Biologicaledenittrification, is tcarmiied out by 

facultatively anaerobic heterotrophic bacteria capable of 

Cook, F.D. 1977. Personal communication. Professor, 


Department of Soil Science, University of Alberta, 
Edmonton, Alberta. 
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using NO3” or NO, as a terminal electron acceptor in 

place “of oxygen (Alexander 1977). As with other biological 
processes, the rate of denitrification is dependent mm soil 
factors such as substrate supply, moisture, temperature, pH 
anadinature and supply Mofsorganic® carbons )In jorderwfor 
denitrification to occur, aeration must be restricted 
(Broadbent and Clark 1965). 

Workers have been aware of the process of 
denitrification since the late nineteenth century (Gayon and 
Dupetit 1886), but because of the difficulty associated with 
differentiation of this process from assimilatory nitrate 
Eeduction, the kinetics of this process are difficule& to 
demonstrate. Assimilatory reduction of NO3-N for the 
purpose of microbial protein synthesis results in 
disappearance of NO3-N which is easily mistakenly 
interpreted as denitrification, especially in field 
experiments (Allison 1955). 

Denitrification rates have been thought to be 
independant of NO3~ concentration from 40 to approximately 
500 ug/g (Broadbent 1951; Wijler and Delwiche 1954; and 
Cooper and Smith 1963). Bowman and Focht (1974) reported 


however, that denitrification rates are NO3-N dependent at 


lower concentrations. This dependence gradually decreases at 


higher concentrations (1000 ug NO3-N/ml1). They observed a 
maximum rate of 150 ug N/ml/day from a soil suspension. 
Soil moisture content is an important factor 


governing denitrification. In order for this process, to 
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occur, soil aeration must be restricted. High soil moisture 
levels reduce the volume of air-filled pores and the rate of 
movement of oxygen into and through the soil (Jansson and 
Clark 1952; Wijler and Delwiche 1954; Bremner and Shaw 1958; 
Allison et al. 1960; Broadbent and Clark 1965; Alexander 
1977). Even in apparently well-aerated soils, anaerobic 
conditions may exist in the centers of soil aggregates or 
crumbs (Broadbent and Clark 1965; Alexander 1977). 
Anaerobic conditions favoring denitrification could 
therefore exist in much drier soils than was previously 
thoughe., “Malhi (1978) observed measurable rates of NO, 
loss by denitrification at 15 bar moisture tension and 20°C. 
Similar results have been reported by McGarity (1961). 

Greenwood (1961) showed that the changeover from 
aerobic to anaerobic respiration by soil facultative 
anaerobes occurs at an approximate O5 Concentration of 
10-© mM. Meek and Grass (1975) concluded that redox 
potential is a good indicator of the oxygen status of soil. 
In soils treated with NO»-N, NO3-N, fresh organic matter 
and an atmosphere of He, redox potential decreased and 
Stabilized at +200 mV until all the NO 3— had disappeared, 
then at +180 mV until all the NO» was reduced (Bailey and 
Beauchamp 1973). 

Temperature is a prime factor controlling the rate 
of denitrification. The lower temperature limit for 


denitrification has been set at 2°C (Bremner and Shaw 1958), 
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at 3°C (Nommik 1956), and at 5°C (Bailey and Beauchamp 1973). 
Smid and Beauchamp (1976) concluded by extrapolation of rates 
Sine) LO cao, en da 30S Ct however, (tChat-denitriticatiton could 
occursavcocanearn0 2Cs) eChotettaklYCl979) measured 
denitrification intensities of some southem Alberta soils. 
Using a mathematical formula based on Ny Production in 
incubated soils, they concluded that the minimum temperature 
for denitrification was 2.75°C. The upper temperature limit 
ranges from 70°C (Bremner and Shaw 1958) to 85°C (Nommik 
1956). The optimum temperature lies between 60° and 65°C 
(Nommik 1956; Bremner and Shaw 1958). 

Stanford et al. (1975) describe the response of the 
rate of denitrification to change in temperature by the 
temperature scoef ficient 70) FG (Qi9 = x where@kix = tx—fold 
increase in the rate of reaction for every 10°C increase in 
temperature). The range of temperature over which the 
Genitiai ficats oneO7;jaZznwas (lle etoxsosesy, The most rapid 
decline in rate occurred when temperature was decreased from 
LOt tol 5°e. 2eMalha- (1978 )'tobservedtagsimilar response “of 
denitrification rate to temperature. In a Malmo SiCL, 
denitrification was detected at -4°C, and the most rapid 
imcnease fim rate foccurred belowsl0%cs vIhenmrate of 
denitrification continued to increase to 40°C, reaching a 
maximum of 71 ug N/g/day at 0 bar moisture tension. 

Studies on the effect of soil pH on the rate of 
denitrification have shown that the optimum range is pH 7 to 


8 (Jansson and Clark 1952; Nommik 1956). The lower and upper 
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limits for denitrification were estimated at pH 5 and 10, 
respectively. 

In addition to the edaphic factors already 
discussed, an available energy supply is a requirement for 
the denitrification process. Bowman and Focht (1974) 
increased the rate of denitrification in a soil by 588% when a 
1000 ug/ml glucose solution was added. fThe rate of 
Genitritication in aGsoil low inorganic’ carbon’ is much 
slower than in a soil rich in organic matter (Khan and Moore 
1968; Alexander 1977). Burford and Bremner (1975) observed 
high correlation between biological denitrification rate and 
toval organvencarbone(ra=10.77),candta very close correlation 
to water-soluble or easily mineralized carbon (r = 0.99). 
Similar results were shown by Stanford et al. (1975). 

The presence of growing plant roots has a variable 
effect on the denitrification process (Woldendorp 1962; 
Bailey 1976; Stefanson 1976; Alexander, 1977). In the 
presence of a growing root system, the heterotrophic 
population is supplied with fresh organic matter in the form 
of root exudates and sloughed-off material. Respiration by 
the decomposing bacteria as well as by the growing roots 
reduces the oxygen supply in the root vicinity, favoring the 
denitrification process. The effect of this decreased oxygen 
content on denitrification will depend on supply of NO» 
and NO3-.- Ina soil rich in mineral N, one would expect an 
increase in gaseous losses of N, but where N is scarce, the 


competition for this nutrient by the plants and the soil 
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microflora may limit its availability for denitrification. 

The nitrifying organisms are strict aerobes. 
Prolonged periods of anaerobic conditions will stop 
nitrification, as well as impede ammonification. Therefore, 
the level oteNno,=Neavailablenforngdenitrification would be 
limited. Reddy and Patrick (1975) concluded that in a soil 
where redox potential falls sufficiently to allow 
den@itriin carton tonoccur, ithemmostsnitriiicationsand 
denitrification occurred under two day aerobic and two day 
anaerobicreycling:s 
2.4 Leaching Losses of Nitrogen 

Downward movement of soil or fertilizer N beyond 
the root zone is of agronomic importance because of the 
reduction in available quantity of this essential crop 
nutrient, and environmentally important because of possible 
NO3-N pollution of ground or surface waters (Harmsen and 
Kolenbrander 1965; Viets 1965). There are two major 
processes involved in the movement of N through the soil: 

(1) movement of dissolved or suspended material 
due to mass flow of the soil solution, and 

(2)anmolectularvoreionae difiusioriduesto 
concentration gradients (Gardner 1965). 
In losses due to leaching, the primary mode of movement is by 
the process of convection by mass flow. 

The leaching of N through agricultural soils is 
most frequently equated to the movement of NO3-N. Although 


NO», urea and some other amino compounds are quite soluble 
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in water, their existence in the soil solution is generally 
short-lived (Harmsen and Kolenbrander 1965). Because of its 
anionic form, NO, is generally not adsorbed by soil 
collords,. 

Workers studying the movement of NO3-N through 
the soil have used several approaches. Leachate collected in 
lysimeter experiments in which field conditions were 
Simulated have been analyzed over a period of years. 
Attempts to draw N balance sheets for ingoing and outgoing N 
were reviewed by Allison (1955). Some workers used an 
accompanying anion such as chloride (Cl) (Wetsellar 1961, 
1962; Yimprasert and Blevins 1976) to trace NO3— movement 
through soils because of a Similar leaching rate. Recovery 
of different ratios of the ions indicated a net increase in 
NO3— due to nitrification, or net decreases due to plant 
uptake, microbial immobilization or dissimilatory reduction. 
A third method of study has involved the use of isotopic N 
(Chalk vand Kenney 1975" Malhiei978 jo “Cost ObMisotopic forms 
of N makes this an expensive method to study leaching losses 
under field conditions. It is superior however, in that 
quantitative analyses can be made to differentiate actual 
losses of applied N by leaching from losses from the soil due 
to uptake or reduction. 

Allison (1955) reviewed results of 156 lysimeter 
experiments conducted in the United States. Averages of 25% 
to 60% of NO3-N losses were attributed to leaching. 


Wetsellar (1962) documented substantial movement of NO 3 
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through coarse-textured soils. Rainfall sufficient to wet 
soil to a depth of 60 cm resulted in downward movement of 
NO3-N of 65 cm. He concluded that the enhancement was due 
to channels left by partly decomposed plant roots. 

Summerfallowing in the Prairie Provinces has 
nesultedwin deeper penetrationgof NOg-Nithan occurred prior 
to cultivation. Studies in Manitoba by Michalyna (1959) show 
that subsoil NO3-N increased with summerfallowing 
frequency. Om a two year rotation of wheat-fallow forty 
years old, Rennie et al. (1976) found that the NO3-N 
content to a depth of 4m averaged approximately 500 kg N/ha. 
They suggested that 10% to 15% of the N mineralized in 
Saskatchewan since the beginning of cultivation has been 
leached beyond the root zone. In a Single year however, 
Malhi (1978) found only insignificant amounts of labelled N 
below a depth of 60 cm when applied on a summerfallowed 
Orthic. Black. Chernozemic: (SiCL. 
2 VE Liect joneMethod of -Placementivons Natniipcation 

If nitrification of urea and NH,-based 
fertilizers can be slowed or delayed, recovery of fall- 
applied N in spring may be increased due to reduced losses of 
NO3-N. Spring application of nitrogenous fertilizers may 
also be more efficient if nitrification were delayed until 
crop demand for N increased. 

The maximum tolerable concentration of NH,+ for 
nitrification to occur varies from approximately 400 ug N/g 


soil (McIntosh and Frederick 1958; Anderson and Boswell 1964) 
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to 800 ug/g (Broadbent et al. 1957), depending on soil pH 
which affects the NH,+ =NH3 balance. Band-placement of 
ammoniacal fertilizers results in high concentrations of 
NH4t, NH3 and soluble salts. Nitrification occurs in 

the diffuse zone where the local concentration of the slowly 
moving NH,* decreases. The total amount of NO3-N 

formed per unit area decreases beyond some point toward the 
centerrof i then band;aas!) the sconcentrationsof NH ,* 

increases (Wetsellar 1972). 

Accompanying nitrification is a characteristic 
decrease in soil pH (Pang et al. 1975b). Consequent 
reduction in nitrification has been observed by Gasser 
(1965), uLeztech > (1973): andsMalhi (1978). «Therefore both’ the 
localized high salt concentration (Wetsellar 1972) and low pH 
in the fertilizer band may contribute to an environment 
unfavorable for continuing nitrification when N is banded at 
high rates. Although Malhi (1978) found no differences in 
yield of barley fertilized by banding or incorporating urea 
in spring, band-placement in fall increased the crop yield by 
170 kg/ha over incorporated urea. 
2ZaGeeNbtrpiication \Inhibstersc 

Nitrification inhibitors may increase the 
efficiency of ammoniacal fertilizers by reducing N losses due 
to leaching of NO3-N and denitrification (Wagner and Smith 
1968). The reduction of these losses may permit fall 
application of N fertilizers in regions where this practice 


would not otherwise be economically feasible because of 
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over-winter losses (Walsh 1977). 

The capability of a wide variety of chemicals to 
inhibit the function of nitrifying bacteria has been studied. 
These include not only compounds specifically formulated to 
inhibit nitrification, but also herbicides, fungicides, 
fumigants and compounds which simultaneously supply some N to 
the soil-crop system (Prasad et al. 1971). Most current 
research is involved with specific chemicals which impede or 
delay natrifticationr 

Bundy and Bremner (1973) compared 24 compounds for 
effectiveness in inhibiting nitrification on three different 
So1lsocat 15° Ceande30°Co- N=Serve, ATC). and vsodium or 
potassium azide were the most effective at 30°C. Variation 
in soil characteristics, especially temperature, produced 
variable results. Almost all inhibitors were more effective 
atmiseC thantat 30?GeaAtetheylower temperature, ATC was ‘the 
most effective, preventing more than 90% of the nitrification 
which occuyredeun@a solliwithono} inhibitor mne2s daysea In 
areas of northern Idaho where yields of winter wheat did not 
respond’ tos falllapplicationtoft 84 kgqeN/ha.as caleiuminitrate, 
Huber et al. (1969) increased yield by 37% to 42% by using 
ammonium sulphate with N-Serve in the fall. Ammonium 
sulphate applied in fall without N-Serve produced 
intermediate yields. Crop utilization of fall-applied N was 
increased from 35% to 80% with the use of N-Serve. 

Formulations such as N-Serve, ATC and thiourea are 


expensive however, and not clearly economical for general use 
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in wester Canadian agriculture at present. Less expensive 
volatile sulphur compounds are also recognized for their 
inhibition of nitrification (Powlson and Jenkinson 1971; 
Bremner and Bundy 1974). Carbon disulphide, dimethyl 
disulphide, methyl mercaptan, dimethyl sulphide and hydrogen 
sulphide have been shown to inhibit nitrification in a closed 
System (Bremer and sbundy 1974).1eTheyanoted#tthat i carbon 
disulphide was less expensive and more effective than some 
patented formulations including N-Serve. 
2.7 Fall versus Spring Application of Nitrogen Fertilizers 

Fall application of N fertilizers has advantages 
previously discussed for both the farmer and the fertilizer 
industry. Research uSing actual and simulated field 
conditions to test the relative effectiveness of fall N 
fertilization is increasing in response to the increasing 
demand for this information by both farmers and the 
Eertilizersindustry. 

Widdowson et al. (1961) and Devine and Holmes 
(1964) found inferior results from fall compared to spring 
application of N at Rothamsted in England. Similar results 
were reported by Olsen et al (1964) working in north-central 
Georgdal~aAathree yearistudy!in Illinois, by welchvettali< 
(1966) suggested that 1.5 kg of N applied in fall was needed 
to produce the same yield of wheat as one kg of N applied in 
spring. Spring application of ammonium nitrate, urea and 
anhydrous ammonia on four field plots in Mmtario produced 18% 


greater yields of com grain than equivalent fall application 
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of these fertilizers (Stevenson and Baldwin 1969). Fall 
application of N was also shown to be inferior to spring 
application for the production of com grain in Kentucky 
(Hitlepset tale 197 5/,9Prvetl1o7 7). 

Some workers have found fall application to be as 
effective as spring application. Tests by Larson and Kohnke 
(1946) in Indiana, showed that there was no significant 
difference in yield and protein content of com whether 
FercidrzedewithwN in ’springtormtall. “Similar resul:tsyhave 
been observed in Georgia (Boswell 1974; Boswell et al. 1974), 
and in Wisconsin using anhydrous ammonia (Chalk et al. 1975). 
Summarizing results of | 224freld trials conducted vinithe 
Prairie Provinces between 1950 and 1968, McAllister (1969) 
reported that at 15 of the locations there were no 
differences in yield of cereal grain due to time of 
application) tat< 3c iocationstiallwappiication wastsuperior, 
and at 4 locations spring application proved superior to fall 
application. In 10 field trials located across the Prairie 
Provinces in fall, 1976, there were no Significant 
differences in yield of wheat due to time of application of 
anhydrous ammonia, urea or ammonium nitrate (Harapiak 1979a). 
Average data from seven trial sites in Alberta indicated that 
in areas where soil moisture was limited in spring, fall 
application of N by banding resulted in higher yields of 
barley than banding in spring (Harapiak 1979b). 

Under the climatic conditions of the Prairie 


Provinces where the soil remains frozen for most of the 
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winter, it was previously believed that over winter losses of 
mineral N would be small. Leitch and Nyborg (1972) have 
shown however, that N uptake from fall applied N was about 
half that from spring applied N. Malhi and Nyborg (1974) 
reported that spring application of urea, ammonium nitrate 
and calcium nitrate increased the yield of barley grain an 
average of 530 kg/ha over fall application of these 
fertilizers. In 10 field experiments, an average of 38% of 
fall applied urea N was lost from the mineral N pool over 
winter (Malhi 1978). Spring application of urea resulted in 
an additional 1,000 kg/ha grain yields, and twice the N 
uptake, compared to fall application. Field experiments 
conducted in Saskatchewan by Paul and Rennie (1977) 
demonstrated superiority of spring over fall N fertilization. 
Paul and Victoria (1978) used N-15 tagged fertilizer N to 
show that 20% of fall-applied N was taken up by the crop, 
Ween eanwadditional/ J0etton 30% ammobilized* by otheusoils 
Spring application resulted in uptake of 30% by the crop and 
35% to 45% by soil micro-organisms. Partridge and Ridley 
(1974) reported an average of 15% higher yield of barley from 
Sspringdrather (thamtfall-applicatdon' tof Nvon ,1l3erwell tdrained 
soils, and 56% higher yields at sites on imperfectly drained 
soils in Manitoba. 

The use of nitrification inhibitors has been shown 
to decrease over winter losses of fall applied N in England 


(Gasser 1965) and in the United States (Huber et al. 1969; 
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Huber and Watson 1972; Boswell 1974; Frye 1977). In Central 
Alberta and Saskatchewan, band placement of urea or ammonium 
sulphate reduced over winter losses. The accompanying use of 
nitrification inhibitors including ATC and thiourea reduced 
losses further, but the highest yields of barley grain were 
Obtained by Spring application of N fertilizers (Malhi 1978). 
2.8 Summary of Literature Review 

Soil organic matter and chemical fertilizers are 
tne cources, of NHA-N in. the soil.) Nitrifying bacteria 
convert NH,-N to NO3-N, which is subject to losses by 
leaching and denitrification. Losses of N are therefore 
Primarily a» consequence of nitrification. 

Several factors which influence the rate of 
nitrification have been reviewed. Maximum rates appear to 
occur in the temperature range of 25 to 35°C, but it has been 
shown to occur at temperatures as low as 1 to 2°C. Optimum 
moisture for nitrification is near’ 0.3 bar moisture tension, 
but it occurs at measurable rates at 15 bar moisture tension. 

Nitrification rates can be suppressed by inhibition 
of the growth of nitrifying bacteria. This is accomplished 
by concentration of NH4-N by band placement, or by the use 
of chemical inhibitors, or both. These methods have been 
shown to increase N recovery and crop yields when N was 
applied. in-the fail. 

Several factors which influence the rate of 
denitrification have also been reviewed. The soil bacteria 


responsible (for denitrification are heterotrophic. The rate 


Las 


ae oe | 
s 4 ‘ « 


: nee 20 RoidpotLe 76.5 yal 


H wonetin nae 
7 ea won toss tip i ps 


oe 


sas ses 4 id aes Sie 
Ds aie Hx . ies 


. . ; a 7 . 
WEL VGN om: Jaze 700] AG vis smn 


of 7 We : 
> bom t93dJem. ccaeen 


NM -liog ga3 as i ai 
= ‘ 


fo 
mo) 
+] 
a 
_ 
- 
* 
ad 
— 
om 
= 
° 
2 
i 
, 


é 
7 1) 
ees = aig 
al ; SHIELDS LAS 
i = ie 
| wre? ; 
- . @ ir 
7 19: ye Ls BY &, So NSvpes HO 
Ged 
» oe. £ J 4 MoS e7 h& 
‘ _: - 
eatsr oupive’, showehusy aad ave coh sopenbanesds 
j - 
fy 2 : = a We | A“ <a? Le “a (ee we ae 
i 4 ttl J a7 & AAI 4 OL ae is ¢ _ : 
ris ' 7 
© wt 5 
is $ é of i'l 
t — 60 rami is on oe 
c i1S> 
EAT Gti 
. + 9G J T My ' 
sitam Sesi a Here 
, TA } * i 
w BOLSty dor, ote 
4 ap ewi tra 
bowel yet 
idagoxrtoreton O46 


of denitrification is therefore greatly influenced by the 
readily available organic carbon supply. Denitrification 
occurs under conditions of restricted aeration. Rates are 
therefore greatest under saturated conditions (O bar moisture 
tension), but it has been measured in soils at 15 bar 
moisture tension. The optimum temperature for 
denitrification is near 65°C. The limits of temperature are 
eon. 2 LOPacCy ato approximately 785°C. 

Most soils have the potential to denitrify. This 
has been shown by incubating soils under conditions which 
favor denitrification. Consensus of opinion is lacking 
however, regarding the occurrence and extent of N loss due to 
denitrification in soils of the Prairie Provinces. 
Measurement of crop yields and N uptake from fall versus 
spring applied N fertilizers has also resulted in variable 
conclusions. There is also some disagreement among workers 
about the reasons for higher crop yields from spring than 
from fall-applied N, in areas where these results have been 
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on MATERIALS AND METHODS 


3.1 Preliminary Field Experiments, 1975-76 

In December, 1975 four field plots were established 
to observe changes in the soil mineral N status from December 
to the following spring. Three of these plots were located on 
Lethbridge SiCL at the Canada Agriculture Research Station, 
Lethbridge, Alberta. Two of these were on untilled barley 
stubble, and the other on summerfallow. Of the stubble plots, 
one had received a single 10 cm irrigation the previous fall 
to simulate a heavy fall rainfall. This provided two soil 
moisture levels on adjacent stubble plots (Appendix, Figure 
Al and Table A4). 

The fourth preliminary field plot was established 
on an existing moisture x N rate experiment on soil mapped as 
Chin SL at the Vauxhall substation. This plot provided high 
and low inorganic N levels, in combination with high and low 
moisture contents. (For a more complete description of soils 
at these sites, see Appendix, Tables Al to 4). 

The four plots were sampled four times: December 
Oe, 19/75, Hebruary 24, April 2, -and April’ 23, W976. At each 
sampling time three cores were taken per treatment with a 2 cm 
diameter coring tube (king tube sampler). These cores were 
separated into five subsamples from 0-15, 15-30, 30-60, 60-90 
and 90-120 cm, and the subsamples of each set of three cores 
were combined. After sampling, the holes were filled with 
topsoil, and marked with small stakes to avoid contamination 


of subsequent samples. Soil samples were air-dried at 25°C 
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immediately, and ground to pass a 2 mm Seive. 
3.2 Main Field Experiments 1976-77 

Field plot experiments were initiated in the fall of 
1976 on a Brown Chin SL at Vauxhall, a Dark Brown Lethbridge 
SiCL at Lethbridge, and a Black Pincher C at two sites near 
Glenwood, Alberta. Nitrogen treatments applied were urea, 
ammonium nitrate, and calcium nitrate. The urea treatments 
were applied by broadcasting, and band placement with and 
without the nitrification inhibitor 4-amino-1,2,4-triazole 
hydrochloride (ATC) at 2% (weight basis). The other N 
fertilizers were applied by broadcasting (spread on soil 
surface), and incorporating to a depth of 10 cm with a 
rototiller. All fertilizers were applied at the rate of 60 kg 
N/ha (nitrogen present in the nitrification inhibitor ATC was 
taken into account). In the banded fertilizer treatments, the 
urea was placed in bands 5 cm deep and 23 cm apart, through 
double disc openers. To include soil moisture over winter as a 
variable, a portion of each plot was irrigated in late 
September to early October, 1976. A tank truck was used to 
apply 10 cm of water to simulate an autumn rainfall or 
irrigation. A dyke was built around the perimeter of the 
irrigated section of each plot and sufficient guard strips 
between these and the non-irrigated treatments were left to 
reduce the possibility of lateral movement of water to adjacent 
treatments. At all sites, the individual treatments were 1.8 m 
wide and 6.8 m long. Each treatment was replicated four times 


in a randomized block design, except the two irrigated 
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treatments. These treatments were also replicated four 
times, but the irrigation necessitated their location in oe 
arealofecach plot (Appendix, Figure A3). 

The plots were sampled four times from fall, 1976 
to spring, 1977 (Appendix, Table A5). The incorporated 
fertilizer treatments were sampled by taking three cores 4.2 
cm x 120 cm, with a coring truck. The cores were separated 
into sections corresponding to depths of 0-15, 15-30, 30-60, 
60-90, and 90-120 cm. The three samples from each depth were 
combined. 

Prior to the spring sampling, the fertilizer bands 
were mixed to a depth of 10 cm with a rototiller. Samples of 
all treatments were then taken by coring. 

All soil samples were stored at -10°C before they 
were air-dried at 25°C. 

Immediately after the spring sampling, each plot 
received a blanket application of 20 kg each of K and S/ha. 
Fertilizers used were potassium sulphate and elemental 
sulphur. Spring N treatments were applied, and the plots 
were seeded to Galt barley (Hordeum vulgare L.) at a rate of 
54 kg/ha (1 bu/ac.). Phosphorus was drilled-in approximately 
2 cm beside and 2 cm below the seed at 20 kg P50./ha. 

The fertilizer used was treble superphosphate. 

Throughout the growing season, plots were kept 
weed-free by spraying with 2,4-D, and by hoeing. Sprinkle 
irrigation was carried out as necessary, and rates were not 


recorded. In August, 1977, the plots were harvested after 
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treatment subplots were trimmed in length with a mower to 
eliminate any border effects at the ends. Harvesting 
consisted of cutting approximately 5 m from each of the centre 
two rows of each treatment. The plant material was placed in 
cloth sacks and air-dried. The samples were then weighed and 
threshed with a stationary threshing machine. Representative 
samples of grain and straw were ground to pass a 2 mm sSeive. 
3.3 Analytical Procedures 

Ammonium and NO3-N were extracted from soil 
samples by ishaking in a) b:5 ratio of soils 2N «Kel solution for 
one hour. Extracts were analyzed by the steam distillation 
method described by Bremner and Keeney (1966). In these 
experiments, NO>— concentration was not considered 
Significant and therefore not analyzed separately. 

Soil reaction was measured with a pH meter uSing a 
glass electrode in water saturated paste. The extracts were 
used to determine electrical conductivity. 

Organic carbon was estimated using the modified 
Walkley-Black method, outlined by Allison (1965). 

Particle size analysis of soil samples was done by 
the hydrometer method (Bouyoucos 1962). 

Measurements of bulk density of all of the soils 
and depths were not made. For the calculations of N/ha, bulk 
densities were assumed 1.3 for all soils at 0-15 cm, 1.4 at 
15-30 cm, and 1.5 at 30-120 cm (Bole 1976). 
2pole, J.B. 1976. Personal communication. Soil 


Scientist, Soils Section, Canada Agriculture Research 
Station, Lethbridge, Alberta. 
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All grain, straw and representative soil samples 
were analyzed for total N by the Kjeldahl-Gunning method 
(Bremner 1960). No modifications to include NO»-N and 
NO3-N were used. 

Results were analyzed by analysis of variance for 
randomized block, and split plot designs. Differences 
between means were tested by using Duncan's multiple range 
test (Steel and Torrie 1960). Variability, when expressed as 


Standard deviation was calculated as follows: 


Specie Hi (x-x) 2 
n-l 
where x = observation 
X = mean of observations 
n = number of observations. 


3.4 1+5nN Incubation Study 
3.4.1 Experimental design 

Bulk samples of a Malmo CL, and samples from each 
of a dryland and irrigated Lethbridge SiCL were collected 
from the 0-15 and 45-60 cm depths in January, 1977 (Appendix, 
Tables Al and 2). These samples were kept frozen at -5°C 
until ready for use. The samples were thawed and passed 
through a 5 mm screen after they had been dried only to the 
point where this process was possible. Subsamples of each 
soil and depth were taken at this point for determinations 
of moisture retention when air-dried, at 1/3 bar moisture 


tension, and of the initial sample (Appendix, Table Al3). 
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Fertilizer treatments applied were KNO3 and 
(NHq)5 504 Solutions calculated to apply 100 ug N/g soil 
(O.D. basis) at 10 atom % excess 15y. The fertilizer 
solutions were added to the soils in a volume of 200 ml per 4 
kg O.D. soil which was spread thinly on a plastic sheet. 
After thorough mixing, the soils were placed into square 
plasticwpotse(lO0nx  h0MwOIStcm deep) Vatws00G0 OFD. soi) per 
pot. The potted soils were then further moistened to field 
capacity with purified water. Untreated samples were 
Similarly treated before potting. The pots were covered with 
Snap-on lids which had 1 cm holes plugged with cotton. This 
procedure was chosen to allow ventilation, but to slow 
evaporation during incubation. 

The pots were randomized, and incubated at 
temperatures of@-lfa5oCntand t+4te52Com ALterm24,hourssoc 
incubation, one replicate of pots was removed from the -1°C 
incubation chamber, and immediately air-dried. These samples 
will be referred to as the zero-time samples. Two remaining 
replicates of each soil, depth, fertilizer treatment and 
incubation temperature were incubated for 90 days. 

After incubation, all of the soil in each pot was 
thinly ospread and air-dried. “It was then grotnd to pass a 2 
mm seive. 

Bu 4e2 Analytical methods 

Ammonium and (NO5+NO3)-N were determined by 

separate distillations of the same KCl extract (Bremner and 


Kenney 1966). The ammonia was collected in 0.05N boric acid. 


ve 


9 
ME 
: 
i 
a 
¢ ~~ Oo 
g 
4 ab ww 


a 
 wesilizsaas 


is yi bas conte 
Pa v v1 \ | 
Poe, ei ve oe 


y 


' 
~4 } 
sa? 
o- 
A 
Z 
‘ 
a 
s 
ae os } 
4 
ae | 
< 
2~LIc 


wt eo. os bestoo : : es FS BITE sag 


oe sie 


‘yar a ne 
(PE eagexs.4 


= ad 
Fe EL 


~) 


-. 


wi ie 


> 
a 


, 
. ll 


ely 
ont, 
re 


on! a 


oiseplq © i Winids Os ional 
oe 
otnl “bSo8 key ce) Low Lom “abe x Ge zs 
. 


, re p 092 38 (a4s5b m5 os bk oe a 


mi 
t sens sow alice pate 


ned 


2 itr 2. i *- et5u belt ose a 

‘ i m t 

BIO” ort Pris sasc sie: asee peaeies A eli 

a 7 ay 7 

Siiv bepeuig Lon ; 86: ‘l Ai he port. 0*ge 

- ry 4 j . 

4 jud .agtintfiorey wot le id. beet eee hs vont 
a4 AZ 8 


» nel ysovonk. ¢ aka: reg aoge 
7 > : = ue 


se. cihitens je: , bes rob mst. o25W S3oq eee’ 


re SL f€< 
DD 
ao tes 
{ * * £ <—/ Caetl~ I 


Sh havoneee eaiw 22 to sissilqsy er tote. 
o> 
LOVE LOOMMD tT Tsdmsip geigedar 
J - - 
qw! ,enfanme enkt-oxos sf =a .63 Beggeted) sa el 
i _ - a 

a. 

Sree : _ ; tae ae 
nes3" ’ a ‘ SS £ | ae v6, + qibact ents . Lroz AHGsS to 20g “ iiqs 
’ 7 ZZ i 
eaveab 80.4 SA cwstiany Siow ie lle ciate nok 


ops mi fieet etd I¢ IIs yoobiad TE say | 


WON rads sew gr wbaiab—s is 66 tha 


i ‘oh 


=t- 3 vba ‘ 
_ 


= 


hy P5272 Show <4 goeegou) ae ano 
nr f4)! | 
‘@ [8 emia ode Soy ingtae ae 

ahd “ 


— =: oe 
‘ 


30. 


Between ieachydistrllatiton, approximately 15. mil"ot 
re-distilled ethanol was distilled to prevent cross- 
contamination by any labelled ammonia. Immediately after 
quantification of ammonia by titration with 0.01N NaOH, the 
distillate was re-acidified with 1 ml 0.2N HCl. The 
collected samples from two distillations of each soil extract 
were combined, and evaporated to a volume of 1-2 ml using a 
warm sand bath. At this point, samples containing less than 
0.5 mg N were spiked by adding 1 mg N as NH,Cl solution. 

The samples were then evaporated to dryness in 6 ml shell 
Virals s 

All samples were also analyzed for Kjeldahl N to 
include NO3~ and NO»-N by treatment with acid 
permanganate and reduced iron. The distilled samples were 
re-acidified and evaporated to dryness in a Similar procedure 
to that used for inorganic N, except that no spiking of these 
samples was necessary. 

The collected samples of ammonium chloride were 
converted to No by lithium hypobromite oxidation using the 
apparatus described by Porter and O'Deen (1977). Ratio 
analysis of the Nj from NHy-N, (NO5+NO3)-N and total 
N was performed on a Micromass 602C dual channel magnetic 
ratio mass spectrometer. 

Current peaks generated by the mass ratios were 
translated into atom % abundance 1554 by the procedure 
described by McGill and Hruday (1981). 


The concentrations of the fertilizer solutions were 
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determined by steam distilling a diluted aliquot. The analyzed 
concentrations of the solutions were 2020 ug N/ml 
for the © 258, 580% Solution, and 2035 ug N/ml for the 
KONO4 Solution. 

Calculation of the enrichment of the fertilizer 
solutions from atom % abundance 154 of a sample of 


diluted enrichment was carried out using the following 


equation: 


EF (Os> +> OU) CADS) =" (OS) (ASS) 


Ou -ASS 
where EF = atom % excess 1°y in fertilizer solution 
QOS = quantity of spiking N (ug) 
QU = quantity of unspiked N (ug) 


ADS = atom % abundance 15y in diluted sample 
ASS = atom $ abundance N in spiking solution 
used to dilute sample. 


The atom % excess 1 of the fertilizers (EF) were 
9.5539% for the Teer Sobuti1on jandts.9389% for 


the K+5No3 Solution. 


by in the soils was 


Natural abundance of 
assumed to be the same for NH,-N, NO3-N and total N. 
Therefore, the natural abundance for each soil and depth used 
was that of the total N samples which were not labelled, and 
not diluted with spiking solution” (Appendix, Table Al6). 
The atom % excess es of the N in the soil 
15 


(ES) was calculated from the atom % abundance N of the 


diluted samples using the following equation: 
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ES = (OS + QU) (ADS) — (QU) (ASS) 


Ou - ANS 


Where QS, QU, ADS and ASS are as previously defined, 
and ANS = natural atom $% abundance of Ne ite Sol 1. 


For samples not diluted with spiking solution, ES 


was calculated by: 


ES = AUS —- ANS 
where AUS = atom % abundance 15K of unspiked sample 
ANS = as defined above. 


(See Appendix, Tables Al4 and 15 for calculated values of 
ES) 
Calculation of fertilizer N recovered in labelled 
samples was carried out using the following equation: 


X 


ES SON 
EF 


where xX fertilizer WN in ‘sample (ug/gV0O2D,. basis.) 
SN sample N (ug/g O.D. basis) 
ES and EF = as previously defined 


Percent recovery of applied fertilizer was 


expressed as fertilizer N in sample , 100% 
fertilizer N added 
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4. RESULTS 


4.1 Preliminary Field Experiments. 

A fall-irrigated stubble plot, a dryland stubble 
and a dryland fallow plot, all on a Lethbridge SiCL were 
sampled four times throughout the winter-spring of 1976. A 
LOUGECh preliminary study plotwlocated on .a Chin SH at 
Vauxhall was the site of a moisture x N rate experiment on 
corm conducted the previous season. The treatments of this 
plot which were sampled were irrigation treatments (1) nil 
and (2) 10 cm water when matrix potential reached -400 mb, 
and fertilizer treatments (1) nil and (2) 270 kg N/ha as 
NH,NO3 applied in the spring of 1975. (See Appendix, 
ELrgures Aland 2). 


4.1.1 Over-winter changes in the level of soil mineral 
N in a stubble soil at Lethbridge. 


To a depth of 120 cm, there was a decrease in the 
level of mineral N from January 1 to April 1, in both the 
fall-irrigated and non-irrigated stubble plots (Table l). 
This decrease was also observed in the 0-30 and 0-60 cm 
depths, indicating that the: reductions in the upper’ horizons 
were not simply due to movement of N into lower horizons. In 
the fall-irrigated plot, the reduction was 60 kg N/ha, and 
about 30 kg N/ha in the non-irrigated plot. This reduction 
was not continuous throughout the winter and early spring, 
however. There was an increase in the level of mineral N of 
20 kqg/ha-and 15 kg/ha at the fall irrigated and non-irrigated 


Plots respectively, during April (Table 1), 
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The levels of NH,-N to 60 cm declined throughout 
the sampling period in the irrigated soil, but remained 
relatively constant in the non-irrigated soil (Figure 1). 
The decrease in the levels of mineral N recovered from 
January 1 to April 1, and subsequent increase during April 
were primarily due to changes in the levels of NO3-N. In 
both plots, the level of NO3-N increased from January to 
April 1, but only in the non-irrigated plot was there an 
increase in the total mineral N level. (Standard deviation 
(s) indicated on Figures 1, 2 and 3 was calculated as 
indicated in the previous chapter. The number of 
observations (n) at the Lethbridge plots were 3, and 4 at the 


Vauxhall plot. ) 
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Table 1. Mineral (NHy4+NO3)-N (kg/ha) recovered over 
winter, 1976%in preliminary stubble plots at 


Lethbridge. 
Non-irrigated stubble plot 
depth (cm) 

Approximate 
Sampling date 0-15 0-30 0-60 0-120 
gan =) Lomas 25 abe 44 b 94a 
Mar. 1 14 ab 32 ab 56 a 98 a 
Bor. 1 Li22¢b 22°¢ 34 b 59° b 
May 1 220i 3574 5 20ab 84 ab 

Fall-irrigated stubble plot 
vane 1 E9ra 88fa 62a 120 a 
Mar. 1 Ly va 34 a 62a 108 a 
Apr. 1 Doe 23) b 36 b 60> Cc 


May l ly a 30 ab 45 b 80 b 
* means in any column within each plot are significantly 
different when not followed by the same letter (P = 0.05). 

4.1.2 Over-winter changes in the level of soil mineral N 

in a fallowed soil at Lethbridge. 
To a depth of 120 cm, 48 kg N/ha of the mineral N 

recovered January 1 was not recovered April 1 (Table 2). 
Similar to the trends in the previously discussed stubble 
plots, reductions in mineral N recovered from the fallow soil 
occur in all depths indicating that downward or upward movement 


of N was not a major effect. In contrast to the results from 


ce 


‘ - Ut 
” _ Y 
7 7 t 
7 
its oe Bae 7 
rite fe ; Al : Se 
it Lone : 
2: ~ oo 2 te ig 
a) 2 a, io 


4 
I 
t 
5 4 
a eo ———— 
a >. 
i) ~~ i 
a — 
e 
=F 
6 (20.0 
: 
‘ 
4 
toe vel 
“=, _ 
as Vom iva 


® ae 


—— a an “tS 


eggs nana 


BWOT! 


noy2 esives: 


im o ‘dao 


ml yo. er — ee a 
: 7 
4 
- 
- NT a ee 
1 
ee’ - i d 
; ; 
i 
vr é 
< 
7 a < 3¢ 
=? . - 
‘ P t 7 7 , 4 
ifs ts pe a | 
¢ 
> we 
BBE 
ay S ci ¢ ¢ 
f Cf fs 
i r ; ! 
r e — - d ¢ - 
aL a Out wht Et 
poe Si somes ais j 
ifezas f rT at Sanna 
7% ale y ~_ ae sos 
oe 4 i ? a det ee 
tne Ail pe Va Seen: +e ree 
+ 29-3 i. 
4 ik" 
. rr i 
b , - ai) > 
s & s fo e ” uo 
»s Or 5 . = eo 
j Livsge .Sre ott Rnd; eg 
1 r 


aa | i Larges pin #b.. wend jou oust 


sew nwoh hg nat tebi bat busaae 7 rt 


ee ee 
A353 od stesitnon rE be ds: + 
AOR I 
a 


ai 


nel a 


36. 


NON - IRRIGATED FALL- IRRIGATED 


140 STUBBLE PLOT SPUBBE EEO i 


120 


TOTAL MINERAL N 


TOTAL 


100 MINERAL N 


80 
Kg N/7ha 
TIs 


60 


40 


20 


O 
A Ghee eae 8 (aabeeat sR 
Seis ae te hs eS. Fue 
APPROXIMATE SAMPLING DATE 
Figure 1. Over-winter changes in the level of 
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in preliminary Lethbridge stubble 
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the stubble plots, there was no increase in the level of 
NOB N from January to March. The levels of both NH 4-N 

and NO3-N declined from January to March, followed by an 
increase in NO3-N during April (Figure 2). Ammonium-N 
declined continually, froma50ukg in danuary, to: 10: kg/ha by 


the end of April. 


Mable. 2. Mineral (NH, +NO3)-N (kg/ha) recovered over 
winter, 1976 in a preliminary summerfallow 
plot at Lethbridge 


depth (cm) 
Approximate 
Sampling date 0-15 0-30 0-60 0-120 
Jan. | Buia 80.8 a 126.4 a O53 4a 
Mar... 1 32. 07ap 54.9 b O2 e278 145.4 ab 
Apr: el 24.4 b 48.1 b 695275 955.27C 
May 1 35.9 ab 66.6 ab 96.2 a tbe Alas 


* means in any column are Significantly different when not 
followed by the same letter (P=0.05). 


The level of soil moisture (Appendix, Table A4) in 
the fallowed soil was near field capacity in the 15-60 cm 
depth. The field capacity was not determined, but an 
estimation can be made based on the proximity of the site 
from which the bulk samples for the incubation experiment 
were taken (Appendix, Table Al3). In any case, the moisture 
level of the preliminary study plots at Lethbridge were not 


significantly greater than field capacity throughout the 
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Over-winter changes in the level of soil mineral 
N to a depth of 60 cm at a Lethbridge preliminary 
fal loweplox. 
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sampling period, and had completely thawed by April 1, 1976. 


4.1.3 Over winter changes in the level of mineral 
N in a stubble soil at Vauxhall 


Analysis of soil samples taken from the corn 
stubble site at Vauxhall revealed large accumulations of 
NO3-N, beginning at depths of 30 to 90 cm (Appendix, Table 
A3). Soil moisture and mineral N levels were very variable, 
probably partly due to changes in soil texture within the 
plot and even replicates. The descriptive data presented in 
the Appendix, Tables Al to 3 are average data from 4 
replicates. The wide variations in the levels of recovered N 
between replicates, even to a depth of only 30 cm, place 
serious limitations on the usefulness of the data gathered at 
this site. The large differences between the levels of 
recovered N throughout the sampling period are not 
Sstetistically-signiticant (Table 3). The large «standard 
deviations shown in Figure 3 are the result of the extremely 
variable nature of the soil at this site. 

In spite of the variation noted, higher levels of 
mineral N were recovered from the subplots which had been 
fertilized with 270 kg N/ha in the spring of 1975 than from 
non-fertilized subplots (Figure 3). Also, of the fertilized 
subplots, higher levels of N were recovered from non-irrigated 
than from the irrigated subplots. These differences are not 
unexpected, and are most likely due to greater uptake of N 
from the fertilized irrigation treatment than from the fertil- 


ized, non-irrigated treatment by the previous com crop. 
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rable 3. Mineral (NHy+tNO3)-N (kg/ha) recovered over 
winter, 1976 in a preliminary stubble plot at 


Vauxhali** 
depth (cm) 
Approximate 
sampling date 0-15 0-30 0-60 0-120 
l. non-irrigated, non-fertilized 
Jan. 1, 1976 Lome SpGi@e) S04 220Ea 
Mar. 1 21a 40 a LUGO a 250 ea 
ADs 1 ZO a Some Coma LS0ya 
May 1 AW hoz) 34 a Swat te 0a 
2= non-irrigated, 270 Ke N/ha 
Jann 20a 170-a 260 a 420 a 
Mar. 1 74 ab 120 a 240 a 3708a 
ADra. 1 6.0 b 140 a 220 a 340 a 
May 1 5D 130 a Z250R 3 380 a 
3. irrigated, non-fertilized 
gan. 1 24 a SIA LLO “a 200 ma 
Mar. Lt 14 a 20.10 68 a 9 0.-a 
HN 8) eb 16 a 24 a 59a 180 a 
May 1 Lome Zona Size 140 a 
A. drrigated, «27.0 kg Nha 
ifo19 prea 263 59d 160 a 360 ‘a 
Mar. 1 39 a 69 a 60 a 280 a 
Apr. «1 32a 66 a ule Oe 340 a 


May 1 AG ere | 46 a P20 2a 240 a 


* means in any column within any treatment are significantly 
different when not followed by the same letter (P=0.05). 


** fertilizer treatments had been applied in spring, 1975. 
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4.2 Main Field Experiments 

In October 1976, field experiments were initiated 
at three locations to compare fall to spring application of 
different forms of fertilizer N in terms of yield of barley 
and N uptake, to assess the effectiveness of band placement 
of urea with and without the use of a nitrification 
inhibitor, to investigate the effect of soil moisture on the 
fate of fall applied calcium nitrate, and to compare the 
effects of these treatments on dryland and irrigated soils. 
Locations chosen were Vauxhall, Lethbridge and Glenwood, to 
include the Brown, Dark Brown and Thin Black soil zones of 
southern Alberta. At each location, sets of two plots were 
established, one on dryland and the other on a site which had 
been irrigated for a number of years. A portion of each of 
Enewsix DIOLS Was arreigated in) takly, 1976. “An application of 
10 cm of water was made to provide a higher soil moisture 
content before the onset of winter. 

All fertilizers were applied at the rate of 60 kg 
N/ha. In late October, treatments applied by broadcasting 
and incorporation were urea, ammonium nitrate and calcium 
nitrate. Calcium nitrate was also applied in this manner on 
the fall-irrigated section of each plot. Urea was also 
applied in fall by band placement with and without the use of 
the nitrification inhibitor ATC. The inhibitor was included 
in the formulation at the rate of 2%, weight basis. 

At the end of April, 1977, all of the plots were 


tilled with a roto-tiller, soil samples were taken, and the 
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spring fertilizer treatments were applied. Urea, ammonium 
nitrate and calcium nitrate were applied by broadcasting and 
incorporating. The entire plot was then seeded to Galt 
barley (Hordeum vulgare L.) at the rate of 54 kg/ha. Plots 
at the irrigated sites were irrigated as required throughout 
the growing season. 


4.2.1 Effect of fall vs spring broadcast-applied N 
on yield of barley and N uptake. 


Spring broadcast application of urea, ammonium 
nitrate or calcium nitrate did not result in significantly 
higher yields of barley grain than did fall-application 
(Table 4). The average yields of barley from fall and spring 
broadcast application of the three N sources at the dryland 
Sates were 1.01 and. i320 t/ha at Vauxhall; .83 and’.sO0"t/ha 
ateLethbridge, andelss0.and 1566 t/hatatUGlenwood. ).Atithe 
dryland sites at Vauxhall and Lethbridge, severely limited 
soil moisture and growing season rainfall prevented responses 
to N fertilizer treatments (Appendix, Tables A8 and 1l). 

Soil moisture at the dryland site at Glenwood was only 
Slightly less limiting. 

The interaction of time of application and N 
source was not Significant at any site (complete data 
presented in Appendix, Table A7.). To examine the effect of 
time of application, the N sources were combined (Tables 4, 5 
and 6). 

At the irrigated sites, the average yields from 


fall and spring broadcast-applied N were 6.49 and 6.67 t/ha 
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Table 4. Yield of barley grain (t/ha) with fall and 
spring broadcast-applied urea, NH4NO3 and 


Ca(NO3)5 

Dryland Sites 
Time of 
application Vauxhall Lethbridge Glenwood 
Fall 1.01+.17*% -83+.16 1.80+.04 
Spring 1.20+.27 -80+.06 1.66+. 20 
Concur | It -64 1.39 

Irrigated Sites 

Vauxhall Lethbridge Glenwood 

Fall 6.49+.18 Be S87 tld. 2.45+.39 
Spring 6.67+.60 5.18+.08 Ba hod alee, 
Control Speer) BO PSO2 
* number of observations (n) for each mean = 12 


atevaushalt, s57o7 and 5.lest/havet Lethbridge, and 2,45 and 
2.75 t/ha at Glenwood. None of these differences was 
Sion htecan tt. 

At the irrigated sites at Vauxhall and Lethbridge, 
large subsurface accumulations of NO3-N beginning at 60-90 
cm greatly reduced responses to fertilizer N treatments 
(Appendix, Table A6). The unfertilized yields at the Vauxhall 


and Lethbridge irrigated sites were very high: 5.59 and 5.02 
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t/ha, respectively (Table 4). The shallow Chin profile at 
Vauxhall also varied greatly in texture. Although soil 
moisture was not a growth-limiting factor at the irrigated 
Sites, these accumulations of NO3-N presented aitfiacuitiaes 
in observations of crop response to fertilizer N treatments. 

Responses to N by both yield (Table 4) and N uptake 
(Tables 5 and 6) are relatively larger at the irrigated site 
at Glenwood, than at the irrigated sites at Vauxhall and 
Lethbridge because of lower levels of soil N (Appendix, Table 
A6). The growth of barley at Glenwood may have been 
restricted somewhat by competition from weeds and volunteer 
grain during the early growing season. (The volunteer grain 
was removed from between the rows in early July.) 

Nitrogen content of barley grain showed a slightly 
greater response to fertilizer N than did yield (Table 5). 
However, there were no Significant differences between 
increases due to fall and spring application of N 
fertilizers, even though fertilizer N resulted in greater N 
uptake at all sites (Tables 5 and 6). The smallest, or 
almost no response to N was exhibited by the irrigated site 
at Lethbridge, where the subsoil accumulation of NO3-N was 
the greatest. The standard deviation of the means of both 
grain yield (Table 4) and N content of grain (Table 5) are 
relatively lower than the means of total N uptake (Table 6). 
The reason is not clear, but it appears that yield and N 


content of grain may not be closely correlated to N content 
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Table 5. 


Time of 
application 


Fall 
SpEing 


Gontrol 


Fall 
Spring 


Control 


* number “of 


of the total above-ground crop. 


Nitrogen content of barley grain 
fall and spring broadcast-applied urea, NH,NO3 


and Ca(NO3)5 


Dryland Sites 


Vauxhall Lethbridge 

22¢9+4. 01% 18.2+4.1 

30.1+6.1 Oe 2 FL 5 
7.469 i235 


Inrigated ‘Sites 


Vauxhall Lethbridge 

LBD oO h..9 L204 429 

Pa Paet lk. 5 Me letekras coal 
114.7 LLG 68 


observations (n) for each mean 


(kg/ha) from 


di 


Glenwood 


38.4+1.4 
35.3+4.5 


26.4 


Glenwood 
34.3+4.9 
33 2b 1.6 


16.0 


At the Vauxhall dryland 


site, it would appear that the difference between fall and 


spring application may be significant as measured by N 


content of grain. 


The large standard deviation of the 


means from that site completely obscure the difference 


however, 1 compared In terms of total’ N uptake (Table 6). 
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Table 6. Nitrogen uptake (kg/ha) by grain plus straw from 
fall and spring broadcast-applied urea, NH,4NO3 
and Ca(NO3)5 


Dryland Sites 


Time of 
application Vauxhall Lethbridge Glenwood 
Fall NSS eralk ipa) 32.4+12.6 49.2+15.5 
Spring 37.0+17.8 Soe Ibo <3 44.6+10.8 
Control 24.9 ele 32.4 
Irrigated Sites 

Vauxhall Lethbridge Glenwood 
Fall LO Ot 2293 Reso ligg Foye 43.2+7.9 
spring TOE 0 7 24.18 1 Dis OTs 47.0+9.8 
Control Be 3 D5 LO 2,0 5o 


* number of observations (n) for each mean sgh 


4.2.2 Effect of N-source on yield of barley, N uptake, 
and mineral N recovered in spring. 


The yields of barley at the dryland sites were not 
significantly different due to N-source broadcast-applied in 
spring or fall (Table 7). The variable nature of the soil 
resulted in the requirement of large differences for 
Significance. However, at the Vauxhall and Lethbridge sites, 
yield was lower from urea than from NH,4NO3 Or Ca(NO3)5 


when applied in the fall or spring. At the Vauxhall irrigated 


va ONE , 7 
oT i Re i? 
; : aa ¥ a 
' BS 


] : ® +* 
Pet's 9 


ane i al oot 


‘ . 
. ee a A 
“ * ok eee 
i Vy ; 
* 
DOW fr 5 fs 
ae [+S 2 rw Osey | 
Les ! eet 
: 1 
-4 J 
* an e 
. x 
—— rie we ’ a : 
aFas ] 
- : 
* % .  . * “J Pa eure 
— eee Cs Tkoed. LOL ' 
{ Z ag + 
. 7 E36 | - 
Eo OA 2at 
i . SV: a 
Sl = seem tocg 167 fin) Sap hs evsesno: ter odemse 
SB 


7 


| bilaiy nop sotige-u. Is $us32h sa 
es ag Oe -——a er laces. oo eae, - 
,piide of nBeTsyosy r tose in om © 
saan ReRERERERERICRSTiae aM arene 
hretyah any ts yeised 2 ebfoty sdf, 


. oe] e 7 ‘OF hb snetss $325 ¥ 


_ 


ty skdery te 
r ; 5 _ 
ep sel “g te . 2 


HbcacnIs 


.) bas [isdxvuey 


an . oan wave ati a - OE: io ER: 
ts i ’ and 
¢ (gOU EF 10 (OM, RE 5 


boas F oir rit 


site, urea applied in spring resulted the highest yield, and 
the other N sources yielded similar yields, when applied in 
fall or spring. At both the Lethbridge and Glenwood irrigated 
Sites, NH,NO3 tended to be better when applied in fall. 

At the irrigated site at Vauxhall, urea resulted in 
the highest yield, and the lowest yield was fertilized with 
NH4NO3 (Table 7). There were no consistent significant 
differences in yield of barley or N uptake by grain due to N 
source at the irrigated sites, and the interaction of time of 
application and N source was not significant. 

At the dryland sites, the N content of the barley 
grain was not Significantly different due to N source (Table 
8). At all three sites however, urea resulted in the lowest 
N content of the N sources when applied in fall or spring. 
This trend was not clear at the irrigated sites, but did occur 
somewhat at Glenwood. Urea applied in the spring resulted in 
the highest N content in the grain at the Vauxhall irrigated 
Site, and this was significantly greater than from 
NH,NO3 Or Ca(NO3) 5 applied in spring. 

Nitrogen uptake by the above-ground crop (Table 9) 
was Significantly lower from urea only at the Vauxhall dryland 
Site. Urea resulted in slightly lower uptake at the Glenwood 


dryland site, but only when applied in spring. 


48. 


7 Gt pol te ye recta sas 
aK 
betsgizz ik boown 


‘ © 
» 


Sop a 
* 
2 oe oe 
- - 
* a 
LJ 
am 
Crea (tii 


’ 


’ 1 
Te a 


= ‘ € 
? 
= +) . 
ee =  % UI 
; ' “3 
ft 
. 4 «= 
« < ‘ ' er" 
~) j 
' us 49" 
4 “2 
? ¢7 | 
= A+<« 
+ » — 
a: 
s 
r ; , £ ;* 
f a 4 
\ 
> 
sto biwoapHt 


~, owt ‘ al - 
) ey agis ai 
fa ra | < 

wid JB SARIaY 


vee “tet 
«Ord Sth 


au ELOswaY ite 


ces x _ ii 
old bas: edi seria 6a aid) of 


eat a 
3 \ 
+E: iyo, ont A 
efi inpie 
ray Zope Segna 
co 


#, 


—~ savuen bas onset 


js zeoiy aon BF adh 


ert ey vet te OTN 


xe 


j wa 
a Papin @), | peks) ’ 36 o shia 


aft at 2xétren “ seenere 


rte fe) * ow OL y it A AOL x 


SABI IS pod sd 4 


¢ 7 


a Pp 7 
oe vi Ts @ a3. «~f 
pestuaet, Bay 


Table 7. 


Time of 


application 


foe 


spring 


fall 


spring 


N 
source 


urea 
NH,NO3 
Ca(NO3)5 
urea 
NH4NO3 


Ca(NO3)5 


control 


Umea 
NH4NO3 
Ca(NO3)5 
lubateys! 
NH4NO3 


Ca(NO3) 5 


control 


Vauxhall 
~84 a* 
i O0Zea 


AA pers 


peli 


Vauxhall 
6252 ab 
6. 30/5D 
6265 aD 
7.36 a 
6.26 b 


6.41 b 


Dino 


Dryland Sites 


Lethbridge 


G2 
8 
83 
~74 
84 


84 


64 


Irrigated Sites 


Lethbridge 


a 


a 


a 


a 


The effect of fall and spring broadcast-applied 
N sources on yield of barley grain (t/ha) at 
dryland and irrigated sites. 


Glenwood 


TeoG a 


RP Fe a 


Glenwood 


* means in any column within each site are significantly 


different when not followed by the same letter 


(P=0.05). 
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Table 8. 


Time of 


application 


fall 


spring 


Pacts 


spring 


N 
source 


urea 
NH,NO3 
Ca(NO3)5 
urea 

NH 4NO3 


Ca(NO3)5 


Control 


urea 
NH4NO3 
Ca(NO3) 5 
urea 
NH4NO3 


Ca(NO3) 5 


control 


Vauxhall 
19a 
235 e 
Ziad 
19a 
B0wea 


30 a 


18 


Vauxhall 
159) va 
U39rabp 
142 ab 
15 50a 
bigs ys) 


138 ab 


it5 


Dryland Sites 


Lethbridge 


des) 
23 
eye 
17 
20 


19 


i 


Irrigated Sites 


Lethbridge 


ee 


Zo 


116 


TG 


dbo 


£20 


a 


a 


a 


a 


a 


The effect of fall and spring broadcast-applied 
N sources on N content of barley-grain 
at dryland and irrigated sites. 


(kg/ha) 


Glenwood 


26 


Glenwood 


16 


* means in any column within each site are significantly 
different when not followed by the same letter (P=0.05). 
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Table 9. 


Time of 


application 


sigs Yl il 


spring 


fall 


spring 


N 
SOUrCe 


urea 
NH4NO3 
Ca(NO3) 5 
urea 

NH 4NO3 


Ca(NO3) 9 


control 


urea 
NH4NO3 
Ca(NO3)>5 
urea 

NH 4NO3 


Ca(NO3) 9 


control 


Vauxhall 
HAs os ©) 
35a 
39 ab 
26).) 
42a 


A4la 


20 


Vauxhall 
Neh A ae 
16622 
19la 
20548 
HY pe) Mee) 


UBske wel 


156 


Dryland Sites 


Lethbridge 


ZZ 


Irrigated Sites 


Lethbridge 


160 


161 


E55 


LZ 


Any 


Bans 


ihe! 


a 


a 


The effect of fall and spring broadcast-applied 
N sources on N uptake by barley grain plus straw 
(kg/ha) at dryland and irrigated sites. 


Glenwood 


32 


Glenwood 


20 


* means in any column within each site are significantly 
different when not followed by the same letter (P=0.05). 


Be 


We a2 we 


tint 


2 


> Ow, 


qqe-seaoiinend 
au Lg ease 


‘aa rw Rid bir 

Y: ait) + ( P > < 

eerie “be Jegi yak Ant: 

: am > a he =U. A ia 

7 : 7 —- 7 ad 

asite tine bed AAR 
: Ye th —_4 * fi 


Md 


= 
A 


_ 
As: 


As 


7 
a 
q 


2 
» 


® 


oe Tan 
vee 


ea ae 


When total N uptake data for spring and fall- 
applied N sources are combined, an overall comparison of the 
sources at each site can be made (Table 10). Less urea-N was 
taken up than from NH4NO3 Or Ca(NO3)>5 at the Vauxhall dryland 
and Glenwood irrigated sites. At these two sites, Ca(NO3)5 
was the best. There were no other significant differences 
between N sources at the dryland or irrigated sites. 

The increases in N uptake due to fertilizer were 9, 
14, and 14 kg N/ha for the urea, NH,4NO3 and Ca(NO3)5 N 
sources, respectively, which is equivalent to 15, 23 and 233% 
of the N applied. At the irrigated sites, the increases in N 
uptake were 18, 21 and 21 kg N/ha from the three N sources, 
eduivetent to.30, 35,and 35% of the Neapplied. 

The levels of mineral N recovered in spring after 
fall broadcast-application of N sources are given in Tables 
lla and 1lb. Analysis of variance of the data including the 
control was made to indicate that the levels of N in the 
treated plots were not Significantly greater than those in 
the control in every case. 

At the Vauxhall and Lethbridge sites, the presence 
of high levels of subsoil NO3-N places some question on the 
validity of the use of the subtraction method to determine 
recovery of fertilizer N. This is evident in Tables lla and 
llb, where levels of mineral N and fertilizer N to 60 cm 
depth are quite variable. Therefore, the levels of recovery 


should perhaps be viewed with caution. 
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Table 10. Average effect of fall and spring applied N- 
source on N uptake by grain plus straw (kg/ha). 


Dryland Sites 


N-Source Vauxhall Lethbridge Glenwood 
Urea 26.10 Sra 46 a 
NH4NO3 Sheps) 300a 48 a 
Ca(NO3)5 40 a 32a 49 a 
Control PES) ae Dia 


Irrigated Sites 


Vauxhall Lethbridge Glenwood 
Urea 196 1a 156:.a 40 b 
NH4NO3 182 a 159) a 49 a 
Ca(NO3)5 190 a 156 *a 44 ab 


Control L56 Iigaw 20 


* means in each column are significantly different when not 
followed by the same letter (P=0.05). 


At the dryland sites (Table lla), less urea-N was 
recovered in spring than fertilizer N from the other 
sources. The exceptions were at Lethbridge, in the 0-15 cm 
depth, and in the 0-60 cm depth, where error resulting from 
soil variability was involved. The surface soil at 
Vauxhall and Lethbridge is slightly alkaline (pH 7.4 and 


7.6, respectively). One might therefore suspect some loss 
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of urea-N by volatilization. The surface soil at the 
dryland site at Glenwood was slightly acidic however (pH 
6-1), and the same trend occurred there. Therefore, 
volatile losses of urea-N stimulated by an alkaline soil 
reaction are not a probable explanation. Although 
investigations into the reason for lower urea-N recovery 
were beyond the scope of the present study, possible 
explanation ™may be the retention of VNHy-N@by©the ~clay 
fraction of these soils and/or differentiation in favor of 
NHg-N during immobilization by soil bacteria. 

At the dryland sites (Table lla), if the variable 
data from the Lethbridge site are excluded, the recoveries 
of applied *N *to“avcdepth of 60°cm were 62,°92 and -85for 
urea, NH,NO3 and Ca(NO3)9, respectively. For all N 
sources, about 75% of recovered fertilizer N was in the 
0-15 cm depth, and only an average of 4% of applied N was 
recovered in the 30-60 cm depth. 

The’ recovery of fertilizer N in “spring “at “the 
irrigated sites (Table 1lb) to a depth of 60 cm was quite 
Variable, ‘but to a depth of 30° cm,’ less urea-N was 
recovered Vatall "of the sites T*’(The-diriferen ce at 
Lethbridge; was not ‘sign liicant, ‘however ..) "~The pH ofthe 
surface soil at the irrigated sites at Vauxhall, Lethbridge 
and Glenwood was 7.0, 7.8 and 7.7, respectively. Because 
the broadcast-applied fertilizer was immediately well-mixed 
into ‘the sopl to 10 em witha roto-tiller, it*is notllikely 


that volatile losses of urea-N occurred. The lower levels 
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of recovery of urea-N were accompanied by subsequent lower N 
uptake at the Vauxhall dryland site, but not at the Vauxhall 
and Glenwood irrigated sites. Nitrogen uptake there was also 
not lower from fall-applied urea than from the other sources. 
This may be a further indication that urea-N may have been 
retained by the soil but later released for crop uptake, 
rather than lost by volatilization. 

At all the dryland and irrigated sites, the 
recovery of Ca(NO3)5-N in spring and N uptake by the crop 
were not lower than from the other sources. This is an 
indication that higher losses of NO3-N from Ca(NO3)5 
did not occur over winter, than from NH,4NO3 Or urea. 

4.2.3 Effect of band-placement of fall-applied urea, 
with and without the nitrification inhibitor © 
ATC. 

A comparison of methods used to inhibit 
nitrification was conducted to study their effects on yield 
and N uptake of barley. Urea was applied in fall by 
broadcasting, and by band-placement with and without the 
nitrification inhibitor ATC (2%, weight basis). Soil samples 
were taken in fall (before application) and in spring (before 
seeding). Ammonium and NO3-N were analyzed to compare the 
effects of these methods on over winter nitrification of 
Pertilazeren: 

The method of application and the use of ATC did 
not have a significant effect on the yield of barley (Table 
boise (theaNtcontent of the grain’ (Jableuls),cor/ithe crop 


uptake of N (Table 14) at the dryland sites at Vauxhall and 
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Lethbridge. Because yields did not respond to N at these 
sites due to extremely limited soil moisture and high soil N, 
yield differences resulting from placement over winter and 
nitrification inhibition would not be expected. At the 
dryland site at Glenwood the yield of grain responded 
Significantly only when urea was applied by broadcasting 
(Table 12). The yields and N content of grain were similar 
whether or not ATC was included with band-applied urea (Table 
13), but the total N uptake there (Table 14), was decreased 
by banding, and decreased somewhat further by the use of ATC 
(Table 14). 

At the irrigated site at Lethbridge the yield was 
apparently repressed by the use of ATC with banded urea 
(Table 12). The reason for the lower yield from that 
treatment is not clear since only a low rate of ATC was used, 
and because the fall-applied bands were well mixed into the 
soil before seeding. The yield and N uptake results at the 
irrigated plot at Lethbridge were similar to those at the 
dryland site there, in that there were no significant 
responses to N at all. Therefore conclusions about methods 
of application cannot be made. 

At the Vauxhall and Glenwood irrigated sites there 
were no Significant differences due to method of application 
of urea (Tables.2i2,. 13 and 14). 

Band placement and the use of ATC did have a 
Significant effect on the extent of nitrification, however 


[Tables t5a and. 5p). 


me he sl : 
i APS eg 
“+8, sia te 
+7 "y 
‘ 7 
4 4° " pid f 
Pye 9 


‘hy 
' 
' 
€43 ‘ 
‘ - 
+ 
{i 
' 
4 s he 
° rye i as 
ra | wt ob ss 
Cc _ 
& 
‘ ryt, or ' 


201 4 ¢. spa6on ie es 
. 7 + 
Li 
prishy a - tiie ao) fat 


%¢. hotigen of on esbnesetire Jr ADA ne r 


ss te io % ¥é 


is - 


. 


borsengah bm om muss 
aoe vu . 


m7 JSEenworese 


: Fa 
r a = Ze hs Wl 
4 {- ci ans 
eit 
‘ 7 
’ S 
‘e ©» re 
J 1>.3 Che byt he ae re) 
, te D> on 


xe i i tque=J 3 
35 yh let » Hoey as Bal ‘ lpn 2 
_ 
OS +2 1 34 , <3 ty") “a8 ] 34 For a. a 


fe f a ‘- a a > r * 7 f ee ey ose 6a oles » | 
7 
‘E notes ‘siorsierm wit i " os ianee oa) 
‘a - _ 
roe wl. 
—— 

shee of) Jpa ae - £0 
i’ 
spite: SeownthD bre Llaiixusl, as 34) ) 


ff addins 


mae 


ot ik Eyets ¥ ge wa kg eT) 
- 7 


bh IA to ebo. org - mats OFA be 


Table 12. Yieldveft barley Grain’ (t/ha) ‘withwiall 
application of urea by broadcasting and band- 
placement with and without the nitrification 
infiiibiter ATC. 


Dryland Sites 


Treatment Vauxhall Lethbridge Glenwood 
urea broadcast *040a* ‘6254 Lae Oka 
urea banded 0 98a s448a 1348ep 
urea + 2% ATC -J5ea «56a 46 eD 
banded 

eon Erol -9la 64 a 1Le390b 


Irrigated Sites 


Vauxhall Lethbridge Glenwood 
urea broadcast 66> 2a Seo Z2e248a 
urea banded 6.60 a Seo 4 1a Ze40Ra 
urea + 2% ATC 642308 A452) Zenora 
banded 
Gontrol BSA le) ayn peat Uc) 120 20D 


* means are significantly different when not followed by the 
same letter (P=0.05). 
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Table 113. Nitrogen uptake by grain (kg/ha) with fall 
application of urea by broadcasting and band- 
placement with and without the nitrification 
inhibrtorTATes 


Dryland Sites 


Treatment Vauxhall Lethbridge Glenwood 
urea broadcast 198a* E5fa SY @ 
urea banded 2308 Tlma 29 ab 
urea + 2% ATC Qiva i3ea 30 ab 
banded 

contro! 1g a bAwNA SA Spall 9: 


Irrigated Sites 


Vauxhall Lethbridge Glenwood 
urea broadcast 139 ab 1220na ab a 
urea banded 74 52a L580 33 a 
urea + 2% ATC 138 ab Ti 3aa 36a 
banded 
control mE55b LL aa Te 


* means in each column are significantly different when not 
followed by the same letter (P=0.05). 
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Table 14. Nitrogen uptake by grain plus straw (kg/ha) 
with fall application of urea by broadcasting 
and band-placement with and and without the 


Nitrification vinhibitor ATG: 


Treatment 
urea broadcast 
urea banded 


urea + 2% ATC 
banded 


ConEezol 


urea broadcast 


urea banded 


urea + 2% ATC 
banded 


EOnero) 


Vauxhall 


a fa - Vol 


Vauxhall 
Lae a 
204.748 


190 a 


155 b 


Dryland Sites 


Lethbridge 


3074 


29 a 


Irrigated Sites 


Lethbridge 


160 a 


162 a 


RSW eee] 


ESilca 


Glenwood 


Glenwood 


* means in each column are significantly different when not 
followed by the same letter (P=0.05). 
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Table 15a. Recovery of NH4-N, NO3-N and (NHy+NO3)-N (kg/ha) 
at dryland sites in spring, from urea fall- 
applied by broadcasting, and banding with and 
WLthOUt. Phe Mitr itication inhibitor ALC. 

kg N/ha 
O= 5 em _ 0-60 cm 

Site Treatment NH,-N NO3-N Lover (NH,+NO3)-N 

Vauxhall favatgll Sain ste ae: 225) 42 b 

dryland broadcast 9 be 38 a A7 a Won a 
band 18 ab 32)ab SOF a U6ra 
band + ATC 28 a 20°) 48 a 69 ab 

Lethbridge nil 6 b 8 b 14 b 719 a 

dryland broadcast 6 b Zan See) 109° a 
band Nhs Is 29 a leap 
band + ATC 2208 9b 3dy a 63a 

Glenwood LL 14 a i ees ge 21% 65 b 

dryland broadcast PAY ie 353a 308) a LOG, a 
band 32) a 30) ab 62 a 10.1 a 
band + ATC 30> a 20 be 50 a 90 ab 


* means in any column within each site are significantly 
different when not followed by the same letter (P=0.05). 
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Site 


Vauxhall 
irrigated 


Lethbridge 
irrigated 


Glenwood 
irrigated 


Recovery of NHy-N, NO3-N and hs ora ee 
rom urea fall- 


at irrigated gsites, in spring, 


applied by broadcasting, 
without the nitrification inhibitor 


Treatment 
nil 
broadcast 
band 


band + ATC 


nae 
broadcast 
band 


band -- ATC 


nae 
broadcast 
band 


band + ATC 


10 


30 


0-15 cm 


30 
62 


61 


38 


4l 
45 


NO3-N 


b 
a 


a 


9 oO 


kg N/ha 


Total 


34 
Uz 


70 


68 


32 
Dl 


ay 


65 


16 
28 


34 


35 


ab 
ab 


and banding with and 
ATC. 


_0-60 cm _ 


OEY GEE Sicls) 


142 b 
17,0) ab 


196 a 


I70y ab 


186 a 
200 


225. a 


m@ 


25 0) a 


42 b 
68 a 


Tl a 


68 a 


* means in any column for any site are significantly 
different when not followed by the same letter (P=0.05). 
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(Because of the irregular accumulations of soil 
NO3Z-N at the Vauxhall and Lethbridge sites; and also 
because leaching was not expected to be extensive, a 
comparison of the levels of NHASN@and NO,-Nein the®0>i5 
cm depth are shown.) At the dryland sites, nitrification 
between the time of appplication and spring was reduced by 
banding the urea, and further reduced by banding with ATC 
(Table I5a). The average recovery of fertilizer (NH,+NO3)-N 
in the surface depth was 24, 26 and 22 kg/ha at the dryland 
Sites, from the broadcast, banded and banded with ATC 
treatments, respectively. The recovery of fertilizer N in 
spring was not Significantly different due to inhibition of 
nitrification at the dryland sites. 

At the irrigated sites (Table 15b) only the use of 
ATC with banded urea had a significant effect on 
nitrification. Nitrification was slowed somewhat by banding 
aterthe (Glenwood site, but nottsigniificantlys 2 CAt the 
irrigated sites the average recovery of fertilizer N to a 
depth of -lstcm!iwas 267"27 Vand#28%kog/ha  fromebhestbroadcast, 
banded and banded with ATC treatments, respectively. 

The soil at both the irrigated and dryland sites 
was dry throughout the sample period, although the surface 
soil at the irrigated sites was slightly more moist 
(Appendix, Table A8). Perhaps the reason for the difference 
in effectiveness of banding urea in the inhibition of nitrif- 
ication was due to this slight difference in soil moisture. 


Tt 1s conceivable that nitrification could be restricted more 


64. 


4. Whe 
vd ent 2nw prrer Ne: bod, jesth 


ara agin onthingd vd popubex ssnidand ban a 


iA ( ¢OM* sar) sox ELlds ot" 30 yvaevooss enn tsi sae : 


mn) ae 
SoalL Ysa 4 35 enon iS ‘Tere’ db gos SEY #$aab ~ ne 8 


“on ddiw behnsd Se hobnet q2aspbsord voit rel as 128 
~ssifiatat to Yaevooss SH we (ahitosqwes vans it 
rettdr? ch off eneweitih vig pat TT ee ‘30a ae § ae 
ot: Gaelyxh ofaag qos aR IESG 


(dart) éfds?) pofle Sesegiiwat oe aA ; 


1 
Mm jasti taroiting@ie 6 head soar hebrse dah < 


=a 
a 
. > * a) + : x h. 9 
penibesd ya Jenwoemoe kowoln cew netgdeohiiasiv- “. notoeoeee 
Wo 3A viseEgitiapiea gan #uc .edis boownele I i 


1 yosPSid:dio he vrevooss epetewm ed? Beste 


do Has TS .3¢ caw wo eT ogee 


<y 
a 


. : Spe C 413 | f # y =" Bi pr 
ys — 
pVLovisosqes> WesTeRIESIS =i; ¢@tiv bhobred DASA Ge 
| 
stra bagiyrs Bhs Peeeetaat ons god js iloe sit 


nétzoa sf tippnitie 4 boise sigann edd? seotonesne 
a 7 
jatom stom. yltapita saw eedie Besepizas 2) ae o: 


=) 


= 


ao ne1ettib sid xwGk Sesser of2-eGensat + (55 olde? ea 
~}is4in to pottidPrink off nk ea @abomec, to cacnoviss 
siutetom tioe fa sonsvet?ift Sapise/ snes 09 subceaey 


sson hesuindeer od bloes, arg 


65. 


by banding urea in a dry soil than in a more moist soil. 

If it is assumed that urea applied in the fall by 
broadcasting was completely hydrolyzed by spring, then the 
data indicate that the urea in the fall banded treatments was 
also completely hydrolyzed. This is shown by the similar 
levels of mineral N recovered by analysis, regardless of 
method of application. 

4,224 “wEGfect. of ,fall,irragationgand: fall applied 
Ca(NO3)5 on yield oft barley, N uptake’ and 
recoveryrot tertiadizger Ne@inispring. 

To study théeseffect of soil moisture inefall on 
over-winter transformations or losses of fall applied 
Ca(NO3)5, a portion of each of the dryland and irrigated 
plots was irrigated in fall. A depth of 10 cm water was 
applaed to simudates irrigation or fallwraintall.s Calcium 
nitrate was applied at 60 kg N/ha, by broadcasting and 
incorporating after the irrigated treatments had dried 
sufficiently to allow incorporation with a roto-tiller (4-6 
days). 

At the dryland sites the yield response to fall 
irrigation was greater than to the fall-applied fertilizer 
(Table 16). AS was discussed earlier, limited soil moisture 
prevented a Significant response to N. Even on the fall- 
irrigated treatments of the dryland sites, soil moisture 
during the growing season restricted the yield response to 
fertilizer N. Mly at the Glenwood site was the fall 


irrigated and fertilized yield significantly higher than the 
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irrigated, non-fertilized yield. 

As expected, there was no Significant yield 
response to fall irrigation at any of the irrigated sites 
Grable’ 16)..: Accumulations of NO3-N and replicate variation 
at Vauxhall and Lethbridge, which were previously discussed, 
made differences in yield required for significance large. 

At the irrigated site at Glenwood, the yield response to 
fertilizer N on the fall irrigated treatment was similar in 
Suze to.wthatoon the treatments not aruigated in fall. «In 
other words, NO3-N added to moist soil in fall was as 
effective as NO3-N applied” on” drier soil. 

This N content of grain and crop uptake (Tables 17 
and 18) indicate the same trends. At the dryland sites the N 
content of grain was increased by irrigation, but not by N. 
The N uptake by the above-ground crop at Vauxhall was also 
higher duée.toi N witheno, fall irrigation a At the dryland, site 
at Glenwood, N uptake was increased by fertilizer N to a 
greater extemt when fall irrigated than when not irrigated in 
a lel 

At the irrigated sites there was no increase in N 
content of grain or N uptake due to fall irrigation. MThere 
was also no reduction in N content or uptake due to fall 
irrigation (Tables 17 and 18). The increase in N content and 
uptake due to fertilizer N was significant only at the 


Glenwood site. 
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Table 16. Effect of fall irrigation and fall broadcast- 


applied Ca(NO3) 9 


dryland and irrigated sites. 


Fall 
treatment 


control 
Ca(NO3)5 


fall-irrigated 
control 


fall-irrigated 
ap Ca(NO3)5** 


control 
Ca(NO3) 5 


fall-irrigated 
con trol 
fall-irrigated 
+Ca(NO3) 5 


Vauxhall 


BES) JI ees 
1.138° 


2.36 a 


2209 a 


Vauxhall 


59 ab 
G65 a 


Susie) 


5.85 ab 


Dryland Sites 


Lethbridge 


-64 b 
~83 ab 


Te2en ao 


124980 


Irrigated Sites 


Lethbridge 


B24 
5a63. ab 


5.64 ab 


De 2 12 


On yield of barley (t/ha) at 


Glenwood 


Beso a 
aso DC 


2.44 b 


Bea Dl a 


Glenwood 


ia 2 0 


eel 


HbA ee 16) 


Leo 


* means are significantly different when not followed by the 
same letter (P=0.05). 


** Ca(NO3) 9 was broadcast and incorporated after fall 


irrigation. 
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Tete? 1:73 Effect of fall irrigation and fall broadcast=- 
applied Ca(NO3)5 on N content of barley grain 
(kg/ha)i@trdryland?tandiirrigatedr sutes’. 


Dryland Sites 


Fai 1. 

treatment Vauxhall Lethbridge Glenwood 
control 13) bit L3ec 262 C 
Ca(NO3)5 2756 ljibe 40 be 
fall-irrigated 49 a 26 ab 46 b 
control 

fall-irrigated 54 a 3280 65 a 


+ Ca(NO3)5** 


Irrigated Sites 


Vauxhall Lethbridge Glenwood 
control baa dea 167-b 
Ca(NO3) 9 142 a Pera B2a 
fall-irrigated 96 b Love ye D 
con-crol 
fall-irrigated L225 a0 RCE aes) S358 
+Ca(NO3) 5 


* means are Significantly different when not followed by the 
same letter (P=0.05). 


7 Ca(NO3) 9 Was broadcast and incorporated after fall 
beLrigation. 
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rable 18. Effect: off fall irrigatiton jand.fadidls breadcast— 
applied Ca(NO3)5 On N uptake by grain plus 
straw (kg/ha) at dryland and irrigated sites. 
Dryland Sites 
Fall 
treatment Vauxhall Lethbridge Glenwood 
contro! 25 Cre 22D 3226 
Ca(NO3)5 39 b 31 ab 54 b 
fall-irrigated 6la 34 ab 5, 2 
control 
fall-irrigated Tea 45 a 82 a 
#2 'Cal(NOs)e ** 
Irrigated Sites 

Vauxhall Lethbridge Glenwood 
control 156 ab aay Bag 2055 
Ca(NO3)5 19la 156 a 40 a 
fall-irrigated 2d it le PIN © 
control 
fall-irrigated 167 ab 74a 4la 
+Ca(NO3) 5 
* means in any column are significantly different when not 

followed by the same letter (P=0.05) 


x* Ca (NO3) 


Was broadcast and incorporated after fall 
TCE aie ons 
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The level of soil mineral N recovered from the 
unfertilized fall treatments at the dryland sites were not 
aerected by fall irrigation (Table 19a)... This’ indicates, that 
the net effects of mineralization, immobilization and 
denitrification, if it occurred, were not affected by higher 
soil moisture. The recovery of fertilizer N was decreased at 
Vauxhall, increased at Lethbridge, and increased due to fall 
irrigation at Glenwood, although only the difference at 
Lethbridge was significant. 

At the irrigated sites, the levels of mineral N 
extracted from the soil in spring from the fall treatments 
not fertilized were not different due to fall irrigation. 
Furthermore, the levels of fertilizer N recovered from fall 
treatments were not affected by fall irrigation. These 
results indicate that the levels of soil mineral N over 
winter were not affected by the levels of soil moisture, and 
secondly, that the recovery of fall-applied N was not reduced 
due to soil moisture. Supportive evidence of this are the 
previously discussed similar levels of yield and N uptake 
responses at the irrigated sites, regardless of fall 
i7mGigation (Tables 16, 17 and 18). 

The levels of total and fertilizer mineral N are 
reported only for the 0-30 cm depth to avoid interference 
from the high levels of NO3-N at the Vauxhall and 
Lethbridge sites. Leaching of much of the fertilizer N was 


not anticipated. Because the fall irrigation treatments were 
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carried out before Ca(NO3)5 Was applied, downward 
movement of NO3-N in the fall irrigated treatments were 
expected to be much less than had irrigation followed 
fertilization. It is quite conceivable that some of the 
NO3-N would have moved below 30 cm. Therefore, levels of 
Pevtdetz2en NOS-N recovered (from the.0-15, 15-30 and 30-60 
cm depths are presented in Table 20. 

These data were derived from mean levels (4 
replicates) of NO3-N in the 0-15, 0-30 and 0-60 cm depths. 
For example, NO3-N in the 30-60 cm depth was calculated by 
Subtracting NO3-N (0-30 cm) from NO3-N (0-60cm). Because 
these subtractions were made using the mean valves of 4 
replicates, statistical verification by testing the 
differences was not valid. These data should therefore be 
viewed with care, and as trends only. 

The data presented are a further indication that a 
decrease in ‘thelirecoverywoltertilazer NOo-N.dues.to fall 
irrigation -dadinot occur. prAt ethegdryland sites -s the 
fertitizer NO3cN recovered “in the 15-30 em depth was 
similar, whether or not the soil had been irrigated prior to 
application. Perhaps the extent of leaching should be 
examined by comparing the levels of NO3-N in the 0-15 
depths across the treatments, and the total in the 0-60 cm 
depth. At both the dryland and irrigated sites, apparently 
more fertilizer NO3-N was leached out of the 0-15 cm depth 
in the non-irrigated treatment than in the fall irrigated 


treatment. The total fertilizer N recovered to 60 cm 
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Table 20. Average recovery of fertilizer NO3-N* (kg/ha) in 
spring, from fall-applied Ca(NO3)5 On fall 
irrigated and non-irrigated treatments at dryland 
and irrigated sites. 


Dryland Sites Irrigated Sites 
wot#ttfal! fad noe falt nage lil k 

Depth (cm) irrigated irrigated irrigated irrigated 
0-15 264 36 21 40 
15-30 15 2 20 10 
30-60 8 2 the 19 
Total 50 50 3) 68 


ferercili zen, NOs-Ni= treatment NO.=Ni- respective control 


however, was not reduced due to fall irrigation. This is in 
agreement with the results presented in Tables 19a and 19b. 


4.3 Recovery and Transformation of N-15-Labelled Fertilizers 
in a Soil Incubation Experiment. 


Solutions of (15nH,)jS0, and K15NO3 were added 
to moist samples of soil from the 0-15 cm and 45-60 cm depths 
of an irrigated and dryland Lethbridge SiCL, and of a Malmo 
CL (Appendix, Tables Al, A2 and Al3). Fertilizer N was added 
at the rate of 100 ug/g (0O.D. basis), and at the enrichment 
rate of approximately 10% excess of 15y. The soils were 
incubated at the moisture level of field capacity in plastic 


pots which were closed, but not sealed. Me replicate of 
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samples was air-dried after 24 hours of incubation at -1°C. 
These will be referred to as zero-time samples. Two 
additional replicates were incubated for 90 days, at 
temperatures of -l and +4°C. Because evaporation was not 
expected, no additional water was added during the incubation 
period. Although moisture was not measured after incubation, 
Significant moisture loss did not occur. Samples were then 
air-dried, and N was analyzed by KCl extraction and steam 
distillation, as well as by the Kjeldahl procedure, modified 
to include NO» and NO3-N. Collected samples of N were 
Quantified by titration, and re-acidified samples were dried, 
and 15y;14y ratio analyses were made with a mass 
Spectrometer, 
4.3.1 Percent recovery of applied N by Kjeldahl 
analysis, and by KCl extraction and 
distillation using direct measurement and 
indirect (Subtraction) techniques. 
Recovery of applied NH,-N ‘by the Kjeldahl 
procedure was greater than by steam distillation of KCl 
extracts, but not complete (Table 21). Approximately 20% of 
applied NH,-N was not recovered by the modified Kjeldahl 
procedure, and approximately 30% was not recovered by KCl 
extraction. These results are Similar to those reported by 
Tomar and Soper (1981), who suggested that a portion of 
applied NH,-N was rapidly retained by immobilization and/or 
fixation, and slowly released thereafter. After 90 days of 
incubation in the present study however, the extent of 


recovery by the Kjeldahl procedure was not greater than at 


zero-time. 
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The level of recovery of NH,z-N by KCl extraction 
was relatively constant for all the surface soils, but was 
Somewhat lower from the Lethbridge irrigated subsurface soil, 
and markedly lower from the subsurface Malmo soil. Only 
45-50% of applied NH4a-N was recovered by KCl extraction, 
while 80% was recovered by the Kjeldahl method. 

Since the unrecovered proportion of NO3-N was 
Similar in Size to the unrecovered portion of NH,-N (by the 
modified Kjedahl procedure) it does not seem likely that the 
reason was NH,-N retent 1loneby soll cvay OPEOoLrgan ic maceer. 
Rather, the accuracy of the Kjeldahl procedure in recovering 
a small amount of mineral N included in a relatively much 
larger amount of organic N should be in question. It is 
possible that the acid reduced iron and acid permanganate did 
mor (reduce all of ithe #NO> and "NO5-N ing the kKjedahl 
digestion. 

The reason why approximately 30% of the applied 
NH,-N was not recovered by KCl extraction, steam 
distillation and direct measurement using 15y techniques 
is not clear. Volatile losses of ammonia from NH,4-N do not 
seem likely. The surface soils at Lethbridge were somewhat 
alkaline in reaction (Appendix, Table Al), but the Malmo Cl 
was mots “As pointedsout In “Chapter :3,*the fertibizernwas 
added to the soil before it was potted and then water was 
added to raise the moisture level. The fertilizer was 
therefore well mixed throughout the soil in the pot, and not 


concentrated near the surface. 
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Table 21. Percent of applied N recovered by Kjeldahl digestion, 
by steam distillation and 15 technique, and by 
steam distillatiom and the subtractio method.* 


% applied N recovered ** 


Kjeldahl Distill- Distillation, 
Depth Total ation, 15y subtraction 
Soil (cm) Treatment 15x method eK 
Leth. 0-15 (15NH,)5S0, 7743 75+5 72+6 
dryland 45-60 = 74+3 73+8 69+1 
Leth. 0-15 - 79+1 30+8 82+9 
irrig. 45-60 : 89+14 70+1 69+5 
Malmo 0-15 : 32+1 74+16 73+9 
45-60 = 87+2 47+4 4847 
Mean i 81+6 70+12 69+11 
Leth. 0-15 K15y0, 71+8 104+5 93+7 
dryland 45-60 : 76+4 108+4 99+3 
Leth. 0-15 : 71+8 103+6 97+6 
irrig. 45-60 . 79+11 100+4 95+3 
Malmo 0-15 : 36+4 107+3 100+3 
45-60 : 82+2 106+3 99+3 
Mean . 78+6 105+3 © Cie 
: values are means including the zero-time samples, and 


those incubated at both -l° and +4°C. 
#* recovered N includes NH, and NO3-N for each method. 


*#* ug N/g (treated sample) - ug N/g (nil) x 1003 
ug N/g added 
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A comparison of levels of recovery of applied NH,-N 
and NO3-N for the 15y technique and the subtraction 
technique was made. The subtration technique is a 
subtraction of the nil from the treatment level. Results do 
not indicate that priming, or enhancement of mineralization 
occurred due to the addition of either NH,-N or NO3-N 
(Table 21). As reviewed by Broadbent (1965), the addition of 
Ni geN scan sresulityin van increased rate) of mineralization ot 
SolleNs eit this had occurred,mtertilizer N@recovered by. 
Subtraction of the nil treatment from the respective treated 
samples would be higher than shown by direct measurement 
using 155 methodology. To a limited extent, the reverse 
was true when NO3-N was added (Table 21). Recovery of 
applied N as determined by the subtraction method was similar 
to that measured directly using 15, methods. 

Recovery of added NO2-N by KCl extraction and 
15yy measurement was consistently slightly higher than 
100¢-¢ It ismlikely that the source of this error was the 
determination of moisture content and moisture holding 
capacity at 1/3 bar tension during the pre-treatment of the 
soils. Because this trend in consistent, recovery is 
interpreted by the author to be 100% (Tables 21 and 22). 

Recovery of applied NO3-N by KCl extraction and 
steam distillation using 15y methodology was complete 
(Table 22). Recovery was equal regardless of soil, depth, 
incubation, or incubation temperature. In every soil and 


depth, less than 1%, or virtually none of the applied NO3-N 
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Table 22. Percent recovery of applied NO3-N at zero-time, 
and “atter ancubpation for 90 days*at =1° -and +4°C 
at field capacity. 


% recovery of applied N 


incubated incubated 

Soa. depth(cm) zero-time at -1°C at +4°C 
Lethbridge 0-15 LGZ 108 100 
dryland 45-60 110 108 106 
Lethbridge 0-15 109 104 99 
irrigated 45-60 95 103 101 
Malmo 0-15 ARIEL) 105 108 
45-60 103 108 106 

Mean * TO D6 106+4 L035 


* in calculation of standard deviations, 


zero—-time n = 6 
ae ioe Ne ss 2 
+4°C nh = 12 


Was recovered..ac WHy-N. rhe .total recovery .or applied 
NO3-N indicates that no measured denitrification or 
immobilization occurred. 

The levels of (NH4+NO3)-N in the zero-time and 
incubated unfertilized soils are given in the Appendix (Table 


Al2). The changes during incubation were somewhat larger in 
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surface soils than subsurface soils and slightly larger at 
+A°C Ancubation “than —12C, 


4.3.2 Effect of incubation temperature, soil and depth 
on Hitritications: 


Incubation temperature, soil and depth of sample 
influenced the extent of nitrification during the incubation 
period (Table 23). In the surface samples of the Lethbridge 
irrigated and the Malmo soil, nitrification was virtually 
complete after incubation at +4°C for 90 days. QMly 878% and 
PI s,or the wlereidizer NH,-N was recovered in total from 
these soils ((NH4+NO3)-N), indicating that virtually ali of 
Phe recovered) Niwas in NO) form. “The size of the 
unrecovered portion of applied NH,-N is consistent with the 
size of that fraction not recovered by the Kjeldahl procedure 
(Table 21). This suggests that approximately 15-25% of 
applied NHj7-N was not readily availablestomnitratication, anor 
to recovery by Kjeldahl analysis, or was lost due to 
volatilization. 

The, inperal. size of the nitritying population is 
likely the prime factor governing nitrification in soils. 
Lower levels of organic matter is the probable reason for 
slower nitrification in the subsurface samples, than in the 
surface samples (Table 23). 

Nitrification at -1°C was much reduced, compared 
to the higher incubation temperature, in all soils, but 
almost 30% of applied NH,-N was recovered as NO3-N in the 


irrigated surface soil. The reason for this is not clear, 
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but perhaps the nitrifying population was higher there due to 
a history of higher fertilizer application rates than the 
dryland soil. 

The data presented (Table 23) are consistent with 
those presented by other workers who have observed 
nitrification at low temperatures. They are a reminder of 
the potential levels of soil and fall-applied N which can be 
nitrified even in mid-winter months in the chinook-affected 


areas of southem Alberta. 


Table 23. Percent recovery of applied 15yH4-N as 
15y03-N, measured by KCl extracted 15y. 


ZiOf applied NH,-N recovered as NO3-N 


incubated incubated 
BO1L depth(cm) zero-time at -1°C ate ta GC 
Lethbridge 0-15 <li 8 39 
dryland 45-60 < 7 10 
Lethbridge 0-15 4 61 86 
irrigated 45-60 le 5 21 
Malmo 0-15 S ey ‘lal, 


45-60 el. 5 12 
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oy DISCUSSION OF RESULTS 


The primary objective of this study was to 
determine if over-winter losses of soil and fertilizer N 
occur in the Brown, Dark Brown, and Black soil zones of 
southern Alberta. This question was investigated by 
over-winter sampling and analysis of soils, by measurement of 
barley yield and N uptake from fall and spring fertilizers, 
and by comparison of methods to slow nitrification of fall 
applied N. Soil moisture was raised by irrigation in fall, 
EQugsee i tall-applied NO,-N would ‘be =reduced by 
denitrification. Soils fertilized with 15y-enriched 
NHyg-N and NO3-N were incubated under conditions 
Simulating winter or early spring in southerm Alberta. 

This study was initiated by the establishment of 
four ‘field #plots in tall, 1975. These plots were soil 
sampled four times between fall and spring. They included 
two moisture levels on adjacent stubble plots, a 
summerfallowed soil, and a stubble plot with both two levels 
of soil moisture and two levels of residual fertilizer N 
(Appendix, Tables Al to 4). 

The result of this preliminary study showed that 
levels of mineral N over winter were not static. Reductions 
of 10 kg N/ha in the non-irrigated stubble, and 24 kg N/ha in 
the stubble which was fall-irrigated occurred between January 
1 and April 1. This was followed by an increase in the 


levels of mineral N, resulting in a net over-winter gain of 6 
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kg/ha and a loss of 17 kg/ha from the dry and moist stubble 
sites respectively, from the 0-60 cm depths (Figure 1, Table 

1). Losses from the 0-120 cm depth were greater, indicating 
that 0-60 cm N was not merely leached into the subsurface 
depths. At the fall-irrigated stubble site, the NH,4-N 
declined continually, but it remained relatively constant in 
the Mon eirrigatedg@pilot. )The decline in’ the level of \NHy-N 
was the primary factor in the decline in mineral N. These 
results are consistent with those reported by Read and Cameron 
(1979), who compared fall to spring N levels from 121 stubble 
Site years. 

Changes in the level of soil mineral N in the fallow 
plot at Lethbridge (Table 2, Figure 2) are also consistent with 
those reported by Read and Cameron (1979). An increase in the 
level "OE gnOs—N anda) larger decrease ineehe level of NiASN, 
probably due to nitrification, over winter resulted in a net 
decrease in the level of mineral N over winter. The most 
important variable influencing the decrease was the level of N 
present in the fall. 

Results from the preliminary stubble plot at Vauxhall 
suggest that soil moisture may have been a more important 
factor than the original level of mineral N (Table 3 and Figure 
3). Mineral N to 60 cm decreased in irrigated treatments, 
fertilized or not. The changes in the levels of mineral N 
between fall and spring were smaller in the slightly drier 
treatments than in the more moist treatments, regardless of 


original levels of N. Neither moisture: level exceeded field 
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capacity, however (Appendix, Table A4). There were 
reductions of mineral N over winter, but analyses of the 
soils to include fixed, immobilized, and organic N were 
beyond the scope of this study. Therefore, while 
denitrification may be occurring at the same time as 
mineralization, immobilization and nitrification, the results 
presented do not permit resolution of this question. The 
reductions mentioned can only be called apparent losses. 

In the major field experiment of this study, fall 
and spring application of N fertilizers were compared. 
Locations of the field plots were Vauxhall, Lethbridge and 
Glenwood, Alberta, to include the Brown, Dark Brown and Black 
soil zones, respectively. At each location, one plot site 
was established on dryland, and the other on soil which had 
been irrigated for a number of years. 

Results from comparisons of fall to spring 
broadcast-application of N fertilizers indicate that time of 
application *was not a‘significant factor cat *any of the sites 
(Tables 4, 5 and 6). At the dryland sites the response to N 
was severely restricted by moisture stress. Therefore, 
Significant differences for fall versus spring in yield or N 
uptake response would not be expected. At irrigated sites at 
Lethbridge and Vauxhall, subsurface accumulations of NO3-N 
and irrigation combined to produce high yields of barley. 

The soil NO3-N undoubtedly reduced responses to N, but 


yield and N uptake responses were positive at most sites, and 
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not different at those sites, due to time of application. 

As measured by yield and N uptake, N source was not 
Significant at the dryland sites (Tables 7, 8 and 9). The 
responses to urea-N were slightly lower however, than to 
NH4NO3 Or Ca(NO3)5 at the dryland site at Vauxhall. 

This may have been related to recovery of lower levels of 
mineral N from fall-applied urea treatments than from 

NH,NO3 or Ca(NO3)5 atvrthat fsatefitablesitain bfoua 

depth of730 +cmfat the irrigated sitescat Vauxhall ,ard 
Glenwood, lower recovery of fertilizer N from the 
fall-applied urea treatment also occurred (Table llb). Many 
workers have reported the variable ability of soils to 
rapidly fix added NH,-N (Kowalenko 1978; Sowden et al. 

1978; Kowalenko and Ross 1980; Tomar and Soper 1981). It is 
likely that urea applied by broadcasting in fall was rapidly 
hydrolyzed (Gould 1970), and that some of of NH,4-N was 
fixed. The fact that low recovery of mineral N from fall 
applied urea was not accompanied in all cases by lower yield 
responses may indicate that most of the fixed NH,-N had 

been released to the soil and crop during the growing season. 
Kowalenko (1978) reported that 59% of 152 kg N/ha was 
immediately fixed by an Ottawa area clay loam, and that 66% 
of the fixed NH,-N was released in 86 days. 

Since only NOy,- and NO3-N are biologically 
denitrified by soil bacteria, effects of methods to inhibit 
nitrification of fall-applied urea were compared. At the 


dryland site at Glenwood, yield and N uptake were lower when 
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urea was banded with or without the nitrification inhibitor 
ATC than when it was applied in the fall by broadcasting. 
This was verified by slightly lower levels of mineral N 
recovered from the urea and ATC banded treatment, although 
this difference was not significant. At the dryland sites, 
fall application of urea by banding reduced the extent of 
Hatrriteabion! (fablecdila)*s igiherinelusion tofethe ATCein the 
band reduced it further. Therefaray as also reported by 
Malhi (1978), ATC does reduce nitrification of NH4-N. The 
fact that the levels of (NH,+NO3)-N did not differ due to 
these treatments is an indication that NO3-N formed from 
urea was not measurably lost from the soil. 

At irrigated sites, only the use of ATC with banded 
urea hadtalisignificantseifiect onhinitnificaztion (rabieliib)s 
It seems likely that a reduction in nitrification due to high 
Wecal concentration /ofpNnnytisalts (Ranguethal i. 1975)ewould 
be more extensive and longer-lasting in a very dry soil than 
in soil where soil moisture has the effect of diluting the 
concentrated zone. 

Denwisi fications ofl *solimandhtertaltzerenecanmbe 
made to happen in most soils (Khan and Moore 1968; Bailey 
£O76)20°MalLhi 42978) has, ShowivOdenitrificattoneto,cecur 
extensively in field experiments during spring thaw 
conditions. To a portion of each of the dryland and 
irrigated field plots, fall irrigation, followed by broadcast 
and incorporated Ca(NO3) 5 Was applied, to increase the 


possibility of the occurence denitrification. As measured by 
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crop yield, N uptake and fall applied NO3-N recovered in 
spring, there was no evidence that the higher soil moisture 
contents in fall resulted in denitrification of NO3-N. It 
should be noted that shortly after the irrigation treatments 
were applied, the level of soil moisture was below field 
capacity, and therefore denitrification was not expected. 
Description of soil conditions at spring thaw by other 
workers (Kowalenko 1978; Malhi 1978), do not match the usual 
conditions in southern Alberta. Two important factors 
governing denitrification are restricted aeration as brought 
about by high soil moisture, and available carbon supply 
(Bremner and Shaw 1958; Alexander 1977). Both of these are 
characteristics by which Brown and Dark Brown soils differ 
from more northerm or eastern Canadian soils. lower levels 
of precipitation in southern Alberta and the influence of 
warm, drying winds (Appendix, Tables AlO and 11) significant- 
ly reduce the length of time that farm soils Iie ina 
Saturated state. 

A comparison of methods of extraction of fertilizer 
N from soils was made using 15y) enriched fertilizers and 
incubated soils. Extraction of NO3-N by the Kjeldahl 
procedure to include NO, and NO3-N was incomplete, while 
recovery by KCl extraction was complete (Table 21). MThis 
indicated that the reduction of NO3-N and NO»-N by acid 
permanganate and reduced iron may have been incomplete, or 
that some of the NH,-N was retained. Without a comparison 


of the two methods, incomplete Kjeldahl recovery may have 
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been mistakenly interpreted as losses of NO3-N. 

Recovery of NH4,-N was not complete by either KCl 
extraction or the Kjeldahl procedure (Table 21). The 
Kjeldahl procedure generally extracted a little more of 
applied NHy-N than did KCl extraction. This may be an 
indication that at least a small portion of the rapidly fixed 
portion of added NH,-N is extractable by the more severe 
method of acid digestion, than is recoverable by KCl 
extraction. Kowalenko (1978) reported that over half of the 
rapidly fixed NH,z-N was released over 86 days, and that the 
remainder of the fixed portion was strongly retained over a 
Sampling period of 17 months. Tomar and Soper (1981) 
Suggested that retention of mineral N by soil was probably by 
organic immobilization after .an,initial,; wshort .period. of 
inorganic fixation. The subsequent release during incubation 
is probably due to inorganic release followed by organic 
immobilization, nitrification and cation exchange reactions. 

Recovery of applied NO3-N was complete, 
regardless of soil, depth, incubation period or incubation 
temperature (Table 22). It is concluded that under the 
conditions of this experiment, no measurable denitrification 
or immobilization ,occturred... .Goliid and McCready (1981) 
obtained similar results. At field capacity, very little 
denitrification occurred. At. 2 to. 4.times, field capacity, 
only limited denitrification occured in Brown and Dark Brown 
soils, unless available carbon was added. Mahli (1978) 
reported measurable denitrification in one of the soils used 


in the present study (Malmo SiCL). Denitrification was 
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measured at -4°C and flooded moisture condition, and at -15 
bar moisture tension and 20°C. His work indicates the 
interdependance of at least two factors which are necessary 
for denitrification to occur. Either restriction of aeration 
or suitable temperature requirements must be met. 
Apparently, the combinations of these two factors which were 
used in the present study did not favor denitrification. 

The recovery of applied 15yH4-N as 15y03-N 
serves as a direct measurement of the extent of 
nitrification. Results of the present study indicate that 
nitrification occurred at -1°C, and to a much greater extent 
at +4°C. These results support those of other workers who 
have reported rapid nitrification, even at low temperatures. 
They are also an indication of the ability of soils in 
southerm Alberta to nitrify both mineralized soil N and 
fall-applied fertilizer N under conditions which are quite 
representative of over-winter conditions in southern 
Alberta. 

In conclusion, although nitrification was shown to 
be extensive in both field and incubation experiments, no 
evidence specifically pointing to either denitrification or 
immobilization was discovered. This is the primary 
difference between results of the present study, and results 
of similarly performed experiments in more northem regions 
(Mahli 1978). This difference is attributed by the author, 
to soil factors which are different in southem Alberta from 


those in more northern regions. They are soil organic matter 
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(at least in the Chernozemic soils), and soil moisture (as it 
affects aeration). The primary factors stated above also 
have a bearing on microbial populations and substrate 
supply. Other factors involved are temperature, and cost 
importantly, the length of time all of the above factors 
combine in such a way that significant losses of N are likely 
to occur. As with any other biological reaction in soil, one 
cannot say that denitrification does not occur, but results 


of the present study provided little evidence that it does. 
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6. CONCLUSIONS 


In this study, several approaches have been used to 
investigate over-winter changes in the levels of soil mineral 
N, the efficacy of fall application of N, and the occurrence 
and extent of losses of N from the soil. USing measurements 
including yields, N uptake by the crop, spring measurements 
of fall-applied N and recovery of labelled fertilizers from 
incubated soils, the following conclusions were reached: 

i Apparent net decreases in the level of soil mineral 
N occurred over winter. Mineralization and nitrification 
occurred, but the decreases in the level of soil mineral N in 
the field could not be attributed to either denitrification 
or immobilization. 

2s Some evidence was presented that soils fix a 
portion of added NHy-N quickly, and that fixing capacity 
varies with depth. 

3's Results from six field experiments and an N-15- 
labelled soil incubation experiment showed no evidence of 
denitrification or immobilization. Although recovery of 
fall-applied N was not complete, higher soil moisture from a 
iD) emetall irrigation swas not sultiieirent. to. atfect the 
recovery of fall applied NO j-N ins spring. —Cropsuptake of N 


was not reduced by fall rather than spring application. 
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LUS. 


Rep 1 ~ Rep 2 Rep 3 


Dates of Sampling 


1. December 28, 1975 
26 February 24, 1976 
3. ADEdsLe ey aloe Oo 


4. April 28, 1976 


Figure Ai. Field plan and dates of sampling of preliminary stubble 
and summerfallow plots at Lethbridge, 1976. 
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10) 
1-0 
270 
Rep | 
1-3 
270 Oo 
270 Oo 
1-3 
. Rep 2 
270 
1-0 
Oo 
270 ce) Co) 270 
gm I°3 1-0 1-0 
I 270 fy 
k— 9m — 
Rep 4 | Rep 3 | 
Treatments sampled 
4.0 —=nOo Yrigation- throughout 1975 growing season 
1.3 - irrigated throughout 1975 growing season 


0*—- no N applied™=in the spring of 1975 
270 - 270 kg N/ha applied as NH,NO, in the spring 
Of 17> 


Sampling dates 


December 28, 1975 
February 24, 1976 
April 2,7. 1975 
Aprid 285 2976 


Figure A2. Field plan, list of previously applied treatments which 
were sampled, and sampling dates of preliminary stubble 
plot. at Vauxhall, 1975-76. 
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BORDER 


BORDER 


treatment size: 1.8 x 1.6 m 
List of treatments 


1. Control 


Be Urea broadcast* - fall 
3s Ammonium nitrate broadcast - fall 
4. Calcium nitrate broadcast - fall 


Bn Urea banded - fall 
6. Urea + 2% ATC banded - fall 


Tae: Fall irrigated control 
8. Fall irrigated plus calcium nitrate broadcast - fall 
a. Urea broadcast - spring 


10. Ammonium nitrate broadcast - spring 
11. Calcium nitrate broadcast - spring 


*fertilizers applied by broadcasting were immediately 
incorporated to a 10 cm depth with a roto-tiller. 


Figure A3. Field plan and list of treatments used in the main field 
experiment. 


106. 


Table Al. Description of soils used in field and incubation studies. 
EC 
Depth Textural (mmhos/ 

Site (cm) class pH cm?) SAR %OM ___&N 
Preliminary 0-15 CL 7.9 82 02 2.03 - 16 
Lethbridge 15=30 CL Ter Alsi) 22 1.36 - 10 
non-irrigated 30-60 CL 729 ~44 <3 19 -06 
stubble 60-90 scL 8.2 44 me -48 04 
90=120 CL 8.2 213 5 43 04 
Preliminary 0-15 CL sie 89 22 Pata | ote 
Lethbridge 15-30 CL 729 355 2 1.45 07 
fall-irrigated 30-60 CL 8.0 44 3 83 07 
stubble 60-90 CL-SCL 8.1 -48 o3 53 04 
90-120 CL Tad 4.27 4 55 03 
Preliminary 0-15 L ev 74 AY 1.84 14 
Lethbridge 15-30 CE 7.6 »65 ~2 1.84 14 
fallow 30-60 CL 14) 44 °3 1.16 09 
60-90 L~CL 8.0 45 23 «59 04 
90-120 CL 8.3 | Ms) ~34 03 
Preliminary 0-15 SL TES? -98 ur? 1.36 09 
Vauxhall 15-30 SL-L 7.6 2.18 3.8 93 207 
corn 30-60 L 7.6 5.42 6.6 ao 05 
stubble 60-90 SCL 7.8 7#59 10.6 47 04 
90-120 SCL 8.0 9571 14.7 234 04 


Main field experiment sites 


Vauxhall 0-15 SL 7.4 1.10 1.6 2-10 14 
dryland 15=30 L teo 2-35 Dee 1.05 09 
30-60 CL 7.8 Teoe 9.6 81 -08 

60-90 L-CL 8.0 9.49 13.4 245 05 

90-120 SCL 8.1 PieZ? 16.5 <r 04 

Vauxhall Oi L-SL 7.0 SUS 2.0 t.57 eH Yes 
irrigated to=30 L a, 1.30 3.6 -88 -08 
30-60 CL 10) 3.66 3.6 rea) 06 

60-90 CL 8.0 SaSe 6.5 241 04 

90-120 CL 7.8 5.80 726 a3 04 

Lethbridge d= i-CL 7.6 251 3 1<9a -15 
dryland 15=30 CL 7.8 44 ARS) 1.24 11 
30-60 CL Jao 256 o4 90 09 

60-90 CL 729 56 3 °67 06 

90= 1:20 CL 7.8 sae 1.6 74 -05 

Lethbridge 0-15 CL 7.8 -65 -6 2-60 -18 
irrigated 18-30) CL 7.8 58 -7 1.76 212 
30-60 CL 7.7 Van? 9 y on - 10 

60-90 Cc 7.7 3.48 ee: 76 -08 

90-120 CL 7.8 3437 1.6 74 05 
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Table A1 (continued). 


EC 
Depth Textural (mmhos/ 
Site (cm) class pH cm?) SAR _%OM _—&N 
dryland 15-30 HC Peak 83 02 2a |e eho 
30-60 HC Leo Ay? 48! Ulsis, ws 
60-90 HC 8.1 44 Pes} -88 -08 
Glenwood 0-15 (‘e Tod 74 22 parse tsy Fabs) 
30-60 Cia Se » lye 4 83 On 
60-90 Cc Si 98 1.4 aa 04 
90-120 Cc 8.0 4.31 1.1 28 .03 
Incubation study soils 
Lethbridge 0-15 L-CL 7.2 65 2 eld eS 
Lethbridge 0-15 ely 7.8 097 oD 200 ete 1S 
irrigated 45-60 CL Tad -60 6 Vs 14 Se 1 1 


* pH - water saturated paste 
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Table A2. Mechanical analysis of soils used in field and incubation 
studies. 

Textural 
Soil depth (cm) % Sand % Silt % Clay Class 
Lethbridge 0-15 39 29 32 CL 
non-irrigated 15-30 37 28 35 CL 
stubble 30-60 38 29 S33 CL 
60-90 47 25 28 SCL 
90-120 35 29 36 CL 
Lethbridge 0-15 35 $3 a2 CL 
fall-irrigated 15-30 34 31 35 CL 
stubble 30-60 39 30 at CL 
60-90 44 28 28 CL-SCL 
90-120 a 30 37 CL 
Lethbridge 0-15 40 31 29 L 
fallow 15-30 33 34 82 CL 
30-60 29 36 1S, CL 
60-90 46 27 POE | L-CL 
90-120 40 29 31 CL 
Vauxhall 0-15 58 25 17 SL 
stubble 15-30 52 30 18 SL-L 
30-60 44 31 25 L 
60-90 52 26 22 SCL 
90-120 ota | 24 20 SCL 


Main field 
experiments 


Vauxhall 0-15 53 30 vs SL 
dryland 15-30 44 31 25 L 
30-60 36 34 30 CL 

60-90 45 29 26 L-CL 

90-120 46 24 30 SCL 

Vauxhall 0-15 53 Pas) 18 L-SL 
irrigated 15-30 43 30 IM | L 
30-60 38 31 a4 CL 

60-90 38 34 31 CL 

90-120 37 a2 a4 CL 

Lethbridge 0-15 41 32 27 L-CL 
dryland 15=30 40 28 32 CL 
30-60 36 27 37 CL 

60-90 ai 22 34 CL 


90—120 43 25 33 CL 
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Table A2 (continued). 


Textural 
Soil depth (cm) % Sand % Sale % Clay Class 
Lethbridge 0-15 32 30 38 CL 
irrigated 15-30 34 30 36 CL 
30-60 22 40 38 CL 
60-90 PR) 33 40 CS 
90-120 33 29 38 CL 
Glenwood 0-15 19 26 35) c 
dryland 15-30 12 25 63 HC 
30-60 15 23 62 HC 
60-90 13 22 65 HC 
90-120 aU 22 67 HC 
Glenwood 0-15 24 34 42 ee 
irrigated 15-30 21 34 45 Cc 
30-60 2A 40 39 CL 
60-90 18 39 43 : 
90-120 18 39 43 Cc 
154 incubated 
soils 
Lethbridge 0-15 a3 29 28 L-CL 
dryland 45-60 36 34 30 Cy, 
Lethbridge 0-15 36 30 34 CL 
irrigated 45-60 38 28 34 CL 
Malmo 0-15 21 38 41 Cc 


45-60 22 38 40 Ch=¢ 
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Table A3. Levels of NH,-N and NO3-N in soils used in preliminary 
field experiments at Lethbridge and Vauxhall in December, 1975. 


Depth kg N/ha 
Plot (cm) NH,-N NO3-N Total 
Lethbridge 0-15 4 11 15 
non-irrigated 15-30 4 6 10 
stubble 30-60 9 9 18 
60-90 10 6 16 
90-120 Py 43 p3e) 
Total 49 45 94 
Lethbridge 0-15 6 13 19 
fall-irrigated 15=30 9 10 19 
stubble 30-60 12 12 24 
60-90 15 18 Bo 
90-120 ae. me! _24 
Total ae 60 119 
Lethbridge 0-15 12 25 37 
fallow 15-30 16 28 44 
30-60 21 24 45 
60-90 20 S) 22 
90-120 a2 mis) i!) 
Total 91 94 185 
Vauxhall 0-15 6 at 17 
stubble 15-30 6 7 13 
ae non-irrigated 30-60 12 48 60 
N-O 60-90 13 61 74 
90-120 16 39 55 
Total 53 166 219 
b. irrigated 0-15 16 8 24 
N-O 15-30 8 y | 15 
30-60 18 5S Ue 
60-90 21 50 vi 
90-120 23 _70 cs) 
Total 86 190 276 
c. non-irrigated 0-15 24 93 117 
N-270 15=30 10 48 58 
30-60 16 67 83 
60-90 13 90 103 
90-120 16 _46 262 
Total 79 344 423 
d. irrigated 0-15 10 18 28 
N-270 15-30 2 21 30 
30-60 as 89 104 
60-90 mu 84 105 
90-120 29 65 94 
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Table A4. Soil moisture (%, O.D. basis) of preliminary stubble and 
summerfallow plots at Lethbridge and Vauxhall, 1975-1976. 


Sampling Date 


December February April April 

Plot Depth (cm) 28/75 24/76 02/76 28/76 
Lethbridge 0-15 20.8 17.6 16.5 19.9 
non-irrigated 15-30 22.4 2) se 17.0 Vin? 
stubble 30-60 10.5 a3cct aes 13.35 
60-90 9.4 8.4 9.0 9.0 

90-120 16.3 15.6 14.4 1525 

Lethbridge 0-15 28.9 21.6 2169 24a 
fall-irrigated 15-30 2504 24.8 21.0 Pad EP 
stubble 30-60 16.3 1532 16.2 17.6 
60-90 1357, 12.4 11.4 14.1 

90-120 15.6 Z2a2 Wea 20.0 

Lethbridge 0-15 17.8 16.0 17.9 20.2 
summerfallow 15-30 2545 30.1 18.8 2lez 
30-60 18.5 19.7 18.9 20.5 

60-90 1530 13-9 13.5 15.4 

90-120 12.8 ie 12e2 12.6 

Vauxhall 0-15 14.3 10.3 10.8 1322 
non-irrigated 15=30 10.3 ta 10.1 11.4 
treatments 30-60 1321 18.8 11.4 252 
60-90 12.9 14.3 12.8 12e2 

90-120 14.0 14.9 12353 14.7 

Vauxhall 0-15 13.0 12.8 12.5 15:20 
irrigated 15-30 18.8 16.4 15.0 16.5 
treatments 30-60 25.4 222 20.9 18.9 
60-90 12.9 12.5 13.8 14.1 
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Table A5. Level of (NH,+NO3)-N (kg/ha) to a depth of 60 cm in 
unfertilized treatments over winter-spring and after harvest 
in September, 1977. 


Increase 

Fall Sept. Jan. Mar. May Sept. from Sept. 
Plot ivrigated WAS Wari fi valid d ae ies 1/77 '76 to May 
Vauxhall no 28 29 44 42 28 14 
dryland yes 34 46 51 53 ne 19 
Vauxhall no 64 96 125 142 37 78 
irrigated yes 83 63 82 59 36 16 
Lethbridge no 25 50 69 79 78 54 
dryland yes 21 34 Sil 50 35 PAS) 
Lethbridge no 5 130 204 186 107 > 
irrigated yes 83 80 A152 114 51 31 
Glenwood no a3 49 65 65 44 o2 
dryland yes 42 58 61 72 36 30 
Glenwood no oe 29 30 42 28 20 


irrigated yes 21 23 a1 34 29 13 
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Table A6. Levels of soil NH,-N and NO3-N (kg/ha) recovered in fall, 
1976 and in spring, 1977 from unfertilized treatments at the 


six sites of the main field experiment. 


Depth Fall September, 1976 Mays 1, 1977 


Site (cm) irrigated NHag-N  NO3-N Total NH,-N NO3-N Total 
Vauxhall 0-15 no 4 8 12 5 V7 22 
dryland 15=30 3 2 5 4 12 16 
30-60 9 2 11 8 1 9 
60-90 8 5 13 11 2 A 
90-120 oy 4d me Ae aes Lg 7 pee 
Total 33 23 56 41 38 79 
O=15 yes 4 S) 13 4 PAS) 29 
15=30 3 2 5 2 ss) i 
30-60 fi 8 15 5 5) 14 
60-90 ©) 6 15 6 9 15 
90-120 Oy ie ieee 0 ae TA ae 
Total 32 3 68 24 64 88 
Vauxhall 0-15 no 3 12 15 4 30 34 
irrigated 15-30 2 14 16 3 A2 45 
30-60 5 28 Bo 7 55 62 
60-90 t2 25 37 11 63 74 
90-120 Tp SrA IAB Sea eee aera 70) 
Total 29 120 149 41 244 285 
0-15 yes 3 ad 20 5 27 a2 
15-30 6 74 27 3 25 28 
30-60 Vf 32 3h) 8 30 38 
60-90 6 30 36 13 16 29 
90-120 ce ve easy CTAB) aris 
Total PA 137 164 44 109 153 
Lethbridge 0-15 no 3 1 4 6 8 14 
dryland 15=30 3 3 6 6 3) 1s 
30-60 8 8 16 14 3D 49 
60-90 8 44 52 14 78 92 
90-120 CSR ee CCre Nicley) mS epee 89 
Fotal 30 122 12 45 154 199 
0-15 yes 3 1 4 5 14 16 
15-30 3 Pe 5 5 <) 14 
30-60 6 5 11 10 9 19 
60-90 9 10 19 12 18 30 
90-120 RA MR Sam. 542) He ytd BAN naar 
Total 29 56 81 46 80 126 
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Table A6' (continued). 


Depth Fall September, 1976 May 1, 1977 


Site (cm) irrigated NH,-N NO3-N Total NH,-N NO3-N Total 
Lethbridge 0-15 no 5 i 12 8 24 a2 
irrigated 15-30 5 i) 10 7 25 ge 
30-60 8 104 112 5 108 123 
60-90 9 224 230 15 246 261 
90-120 eS 
Total 3 423 460 65 479 544 
0-15 yes 6 4 10 ) 9 18 
15-30 3 9 12 8 20 28 
30-60 ri 54 58 14 48 62 
60-90 274 183 195 13 200 213 
90-120 A ES pel) i eat) | eee io 
Total 41 332 £99 /5) 54 429 483 
Glenwood 0-15 no 5 7 t2 14 13 Da 
dryland 15=30 4 2 6 11 7 18 
30-60 8 6 14 14 6 20 
60-90 9 6 15 11 3 14 
90-120 2S eg Gea ph ui Say aie 
Total 3D 26 61 61 31 92 
0-15 yes 34 9 16 “fs 19 22 
15-30 5 3 8 11 7 18 
30-60 5 3 8 11 Z 18 
60-90 10 1 11 i) 3 16 
90-120 PP pele ie ee oie 
Total 40 24 64 68 37 105 
Glenwood 0-15 no 4 5 ii 9 7 16 
irrigated 15-30 4 2 6 8 2 10 
30-60 7 2 9 14 2 16 
60-90 8 0 8 15 1 16 
90-120 13 Oe a ee eee ii 
Total 36 7 5) 65 13 78 
0-15 yes 5 4 9 e 7 14 
15-30 4 S 7 7 2 9 
30-60 5 1 6 8 2 10 
60-90 8 2 10 9 1 10 
90-120 18h B27 2 SBS pesto. a 
Total 35 12 47 1 iP 53 


* each value is the mean of 4 replicates. 
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Table A8. Percent moisture (0.D. basis) over winter 1975-76, of soils 
in the fall-irrigated and non-irrigated portions of each of 
the sites used in the main field experiment. 


Depth Fall Approximate date * 
Site (cm) Irrigated January 1 March 1 May 1/77 
Vauxhall O=15 yes dose 14.3 12.9 
dryland 15-30 12.5 Tae 16.0 
30-60 15.0 18.4 18.7 
60-90 18.5 133 18.5 
90-120 18.8 18.0 16.9 
0-15 no 12.1 13.0 12.4 
15-30 11.1 10.9 12.4 
30-60 16.3 12.4 Sarg 
60-90 19.4 15.61 16.1 
90-120 18.4 17.6 16.5 
Vauxhall 0-15 yes 14.0 11.8 10.6 
irrigated 15-30 15.6 1362 15.0 
30-60 1.2 13.0 14.7 
60-90 T1239 hed 71 Tee 
90-120 5 ES ye 14.9 ont 
0-15 no 8.1 9.9 10.0 
15=30 8.7 104 > 11.9 
30-60 8.0 tit 10.4 
60-90 12.0 i nS 12.3 
90-120 1535 15.1 14.8 
Lethbridge 0-15 yes 15.4 Lie 16.1 
dryland 15-30 18.0 19.3 18.3 
30-60 13.9 15:82 15%5 
60-90 10.3 Lis 12.3 
90-120 1255 10.1 10.6 
0-15 no 10.5 Val 15.0 
15-30 ae 11.8 16.8 
30-60 9.8 11.7 i265 
60-90 a 9.9 10.6 
90-120 a Be ie 1123 10.5 
Lethbridge 0-15 yes 23.4 2a 19.3 
irrigated 15-30 19.6 19.3 T3555 
30-60 19.0 18.3 19.6 
60-90 19.5 18.0 18.8 


90-120 15.7 16.8 17.4 
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Table A8 (continued). 


Depth Fall Approximate date * 
Site (cm) Irrigated January 1 March 1 May 1/77 
Lethbridge 0-15 no 17.8 19.4 18.8 
irrigated 15-30 15.4 14.9 19.4 
30-60 13.4 1357 16.8 
60-90 16.0 VW ot? TH.4 
90-120 Vis 15.0 16.1 
Glenwood 0-15 yes 28.4 BSe2 28.9 
dryland 15-30 28.9 28.6 29.3 
30-60 Zee 2580 2ia5 
60-90 26.4 2207 2507 
90-120 22.8 21.4 2307 
0-15 no 22.4 20.9 20.9 
15-30 21.0 Pa PT) 20.3 
30-60 19.9 24161 19.6 
60-90 18.2 19.3 14.2 
90-120 19.9 21.0 19.4 
Glenwood 0-15 yes 19.7 21.9 Wes 
irrigated 15=30 20.6 3265 2245 
30-60 30.5 30.9 Ztaed 
60-90 18.5 15.9 18.5 
90-120 20.9 18.0 20.7 
0-15 no 20.8 22.4 19.5 
15-30 24.8 28.1 21.4 
30-60 20.9 22.6 1922 
60-90 16.5 16.8 18.0 
90-120 18.8 18.4 18.7 


* Sample for moisture determinations were taken on the following dates: 


Vauxhall dryland - January 3, March 8, April 29, 1977 
Vauxhall irrigated -* January “3, March 11, April.29 
Lethbridge dryland - January 4, March 9, April 28 
Lethbridge irrigated - December 30, March 9, April 28 
Glenwood dryland - December 30, March 10, May 1 

Glenwood irrigated - January 11, March 10, Aprii1530 


** Bach value is the mean of 4 values. One core was taken from each 
replicate of the fall irrigated and non-irrigated portions of 
each plot. 
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Table AQ. Soil temperature (°C) over winter 1976-77 in fall-irrigated 
and non-irrigated portions of dryland plots. 


Approximate date * 


Depth Fall 
Site (cm) Irrigated January 1 March 1 May 1/77 
Vauxhall als) yes - 4.0 +06 5 +14.0 
dryland 30 = 2.0 0 +10.0 
60 - 1.0 - Os +59.0 
90 vein0 +. 1.0 + 8.5 
15 no - 7.0 a2. 0 +9520 
30 - 5.0 +. 1.5 +11.0 
60 - 5.0 +eZeo + 9.0 
90 51.0 +2325 + 8.5 
Lethbridge 15 yes 0 cee lest) +11.0 
dryland 30 0 0 +1055 
60 ar ale legs: +065 +10.0 
90 ie Ta + 1.5 + 9.0 
15 no +770.5 + 545 +1265 
30 +*1.0 + 4.0 “ah Nao 
60 410 ape ents) +10.0 
90 + 1.5 + 300 + 9.0 
Glenwood 15 yes = 345 + 0.5 + 8.5 
dryland 30 =e 0.5 + 8.0 
60 - 0.5 +e Dies + 8.0 
90 + 220 + 1.0 + 7.0 
1S no - 5.0 cme!) +10.0 
30 - 0.5 + 2.0 + 9.5 
60 tLOSD 1 25 + 9,0 
90 + 1.0 + 2.5 #4835 


* temperature readings using thermocouples at depth, insulated leads, 
and an electrical resistance meter were made on the following dates: 


Vauxhall - December 28, 1976, March 6, and April 29, 1977 
Lethbridge - December 30, 1976, March 7, and April 28, 1977 
Glenwood - January 4, March 3, and May 1, 1977 
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Table A10. Mean monthly soil temperature (°C) at a depth of 10 cm 
under sod at Lethbridge CDA station, and difference from 
11-year average (1967-1977). 


Difference Difference 
Temp. from average Temp. from average 
Month/year id @ (G2?) Month/year °C (E24 
September/75 12.5 -0.1 September/76 14.4 +1.8 
October 5.9 -0.5 October Diane. +0.8 
November 0.6 -0.5 November 1.8 +O eur 
December -0.9 +te1 December -0.7 +1.4 
January/76 -1.6 +1.9 January/77 -2.5 +1.0 
February -0.8 eS February 025 +2.6 
March 0.3 -0.2 March 1.4 +0.9 
April Twi +223 April 7.4 +2.6 
May 13.0 +2.0 May 12.3 Gp 
June 14.7 -1.2 June 18.3 +2.4 
July 18.9 0 July 18.9 0 
August 17.5 -0.6 August 16.6 = 165 


- readings taken at 8:00 aem., daily 
source - Environment Canada Meteorological data 
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Table A11. Monthly precipitation (mm) and mean daily temperature 
(°C) at Vauxhall and Lethbridge. 


Vauxhall Lethbridge 
Difference Difference 

Month Precip. Temp. Precip. from mean* Temp. from mean 
January/76 7-6 -16.5 - 4.6 + 562 
February 9.7 -14.0 me! PASH) + 3.4 
March 14.7 - 9.6 - 1.4 sat iy? 
April 20.1 ae 18.8 —-15.1 1-2 + 0.9 
May 21.8 (sie) 3} 42.4 -11.6 13401 + 2.5 
June 50.0 13.6 63.0 -12.7 View zt ail Ps) 
July 34.0 18.2 41.7 0 18.1 0 

- August 43.7 18.3 75.4 +36.8 17.6 + Osu 
September 10.2 14.2 14.5 -25.8 14.8 ae eS) 
October 9.9 Ae rales @ -10.9 5.4 - 1.5 
November HPA) +hoel 0.7 0 
December Woe -11.5 - 2.2 +2 3.0.0 
January/77 326 it 2 aae, - 9.0 + 0.1 
February 0.5 -18.0 Bas +10 0 
March Ze 3 + 4.4 0.1 cg Ary) 
April 1.3 8.5 8.4 —-23.6 8.7 + 364 
May 46.2 11.8 2762 -26.8 11.5 +1050 
June 26.9 TAS 29.2 -46.5 ies) + 2.3 
July 8.1 17.6 AW eird: -29.9 17.3 - 0.7 
August 38.1 14.9 60.2 +21.6 14.9 - 2.0 


- Environment Canada Meteorological data. Temperature of air at 120 cm 
above ground, recorded daily at 8:00 a.m. 


* Difference from 76 year mean for temperature and precipitation. 
Winter data is are not recorded at Vauxhall. 
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Table A12. Levels of (NH, +NO3)-N in unfertilized soils at 
zero-time, and after incubation at -1° or +4°C. 


ug N/g soil 


Depth 
Soil (cm) zero-time -1°C +4°%C 
Lethbridge 0-15 19.6 9.0 ieee 
irrigated 45-60 UP 8.3 6.3 
Malmo 0-15 2226 2Aeo 2761 
45-60 8.9 820 8.9 


Table A13. Percent moisture (0.D. basis) of soils used in lox 


incubation experiment when collected from field, and at 
tensions of 31, 15; 1/3) and 0 bars. 


Depth Field -15 -1/3 0 
Soil (cm) moist* Air-dry bars bar bar 
Lethbridge 0-15 11.0 1.82 10.1 21.4 42.5 
dryland 45-60 7.6 1.82 9.9 22a2 43.8 
Lethbridge 0-15 14.8 2.40 13.9 26.6 io 
irrigated 45-60 11.8 2.30 eae 23.8 47.5 
Malmo 0-15 Pa 3.56 ZAis 39.8 « 6549 

45-60 21.8 2.94 18.7 32.4 58.7 


* moisture of the soil when the samples were collected in January, 
1977. 
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Table A16. Natural atom % abundance 
incubation experiment.* 


Soil Depth (cm) Natural abundance (ANS) 
Lethbridge 0-15 so720 
dryland 45-60 -3718 
Lethbridge 0-15 23710 
irrigated 45-60 mov 09 
Malmo 0-15 ~3705 

45-60 -3708 


* abundance calculated 
distillations. 
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